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THE ASSIMILATION OF CHOLESTEROL AND ITS 
ESTERS. 

Bt J. HOWARD iroELLER. 

{From the Department oj Pathology of the College of Physicians and Surgeons, 
Columbia University, New York.) 

(Received for publication, June 9, 1915.) 

Although it is novr a generally accepted fact that the cholesterol 
of the body has its origin in the food, and not, as has been held by 
some investigators, in an actual sjmthesis -within the body, there is 
yet no verj’- definite information as to the mode of absorption, or 
the form in which it is assimilated. It was with a view to clearing 
up these two points that the work represented in this paper was 
undertaken. The presence in the body of the free cholesterol, an 
alcohol, together with its esters of the b'gher fatty acids, oleic, 
palmitic, and stearic, makes it desirable to get a better under- 
standing of the relations of these two forms in order to approach 
more nearly a solution of the problem of their physiologj^ 

That cholesterol, when fed, is actually absorbed, and that the absorption 
is followed by a rise in blood cholesterol, has long been established. Jan- 
kau' found that when fed to rabbits and dogs, only a part could be recov- 
ered from the feces, although he was unable to recognize an increase in the 
blood. This was presumably due to the verj' imperfect methods of analysis 
available at that time. Pribram* demonstrated an increase in blood cho- 
lesterol after feeding, and believed that the increase was in part at least 
due to free cholesterol, since the serum from such animals showed an in- 
creased inhibitory power toward the hemelj-tic action of saponin, the free 
cholesterol only being active as an inhibiting agent. Kusumoto’ also 
found that only a part of the cholesterol of the diet could be recovered 
from the feces. Gardner and coworkers* have sho-wn definitely that feed- 


> Jankau, L., Arch. f. exper. Path. u. Pharmakol., 1892, .v.-dx, 237. 

’ Pribram, H., Biochem. Ztschr., 1906, i, 413. 

’ Kusumoto, C., ibid., 190S, xiv, 411. 

* Dor^e, C., and Gardner, J. A., Proc. Roy. Soc., Series B, 190S, Ixxx, 
212; 1909, Lxxxi, 109. Fraser, M. T., and Gardner, J. A., ibid., 1909, 
Ixxxi, 230; 1910, Ixxxii, 559. Gardner, J. A., and Lander, P. E., Biochem. 
Jour., 1913, vii, 576; Proc. Roy. Soc., Series B, 1913-14, Ixxxvii, 229. 
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ing cholesterol, either free or as esters, results in an increase in the blood 
content both in the free and combined forms. Their work hns been done on 
' dogs, cats, rabbits, and chicks, using in part at least, the digitonin method 
of Windaus^ for analysis, and there seems to be no reason to question their 
findings or conclusions. 

Since most fatty material which is absorbed goes into the body 
through the lymphatics by way of the thoracic duct, it seemed 
probable that cholesterol would also be absorbed in this way be- 
cause of its solubility in such material, and insolubility in aque- 
ous media. Consequently a series of experiments was made on 
dogs for the purpose of determining whether or not a marked in- 
crease of cholesterol could be obtained in the chyle following a 
meal rich in cholesterol. 

A thoracic duct fistula was produced in each case by ligating 
the external jugular vein at a point 2 or 3 cm. distal to the en- 
trance of the duct, the innominate vein proximal to the duct, 
the subclavian vein, and several other small veins which enter 
the segment thus cut off. The jugular vein was then cut near the 
distal ligature, and its proximal end sewed into the corner of the 
incision. Chyle could be collected from a fistula so produced, by 
means of a cannula, or by allowing it to drop directly into a test- 
tube Avhen the dog is standing up. Unfortunately the chyle 
coagulates rather readily and could not be made to fiow for more 
than about twenty-four hours. Consequently it was usually prac- 
ticable to make but a single experiment, or at most two, on each 
dog. I wish here to express my thanlcs to Prof. W. G. Mac- 
Callum for his kindness in doing these operations. 

The plan followed was to allow the dog’ to recover from the 
etherization in the course of three or four hours, then to give the 
test meal, allowing the dog to eat voluntarily when possible, and 
at other times feeding first 10 to 15 grams of cooked lean meat 
in order to stimulate the digestive organs to normal activity, and 
then giving the desired material by stomach tube. A 10 cc. 
sample of chyle was taken either before or at the time of feeding, 
and .afterwards at varying intervals, and a comparison of the 
cholesterol content of the specimens made by means of a modi- 
fication of the Windaus method. The details of this method I 


‘ Windaus, A., Zlschr. f. physiol. Ckem., 1910, I.vv, 110. 
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have given in another place.® The ether extract of the chyle 
was obtained by mixing the sample with anhj’-drous sodium sul- 
phate, allowing to dry, and grinding fine in a mortar, then extract- 
ing thoroughly with ether in a continuous extraction apparatus. 
A description of the experiments follows. 

Experimenl 1— Immediately alter the completioB ol the fistula a sample 
of chyle was collected. Four and one-half hours later the dog was fed the 
yolks of four eggs mixed with a small amount of raw meat (20 to 30 gm.). 
This meal, although not analyzed, contained probably about 1 gm. of 
cholesterol, of which 90 per cent or more was free.' The material was eaten 
voluntarily’ by the dog. Table I shows the details of the experiment and 
analysis. The last column, headed "per cent,” gives here, and in the suc- 
ceeding tables, the per cent of the total cholesterol which is in the uncom- 
bined form. 

TABLE I. 


Dog 1. 

Fistula Completed at 1 p.m. 


Chyle. 

Free cholesterol. 

Choleslero! esters. 

Per cent. 

Time 

collected. 

Amount. 

Amount. 

Amount. 

p.m. 

cm. 

cm. 

per cent 

cm. 

percrfU 


1.00 

13.4 

0.0049 

0.036 

o.ooss 

0.066 

35.29 

*5.30 

15.2 

0.0060 

0.039 

O.OlOO 

0.086 

37.62 

7.30 

9.6 

0.0059 

0.062 

0.0115 

0.119 

33.91 

8.30 

10.0 

0.0088 

O.OSS 

0.0207 

0.207 

20.83 

9.30 

9.8 

0.0111 

0.113 

0.0270 

0.276 

28.32 


* Time of feeding. 


Experiment JJ.— This experiment was the second carried out on Dog 2, 
the first being reported as Experiment IV. The test meal consisted of 30 
gm. of lean meat and three raw eggs, with which was thoroughly mixed 
0.5 cc. of oleic acid. A small aliquot of this was analyzed, and the whole 
found to contain 0.88 gm. of cholesterol, of which S8.15 per cent was free. 
Owing to the fact that the digitonin method gives low values for free cho- 
lesterol in the presence of much oily material, the amount of free cholesterol 
vas probably something over 90 per cent of the total cholesterol. The dog 
ate the food voluntarily. The results follow. 


‘Mueller, J. H., Jour. Biol. Ckem., 1915, xxi. 23. 
* Mueller, loc. cil. 
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TABLE II. 
Dog 2. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Percent. 

Time 

collected. 

Amount. 

Amount. 

Amount. 

m 

gm. 

gm. 

per cent 

1 Qm, 

per cent 


m 

10.5 

0.0043 

0.041 

0.0097 

0.092 

30.83 


9.3 

0.005S 

0.062 

0.0164 

0.177 

23.94 

p, 771. 

12.30 

10.4 

0.0067 

0.065 

0.0162 

0.155 

29.54 

1.30 

11.2 


0.055 

0.0159 

0.139 

28.35 


* Time of feeding. 


Experiment III . — In order to see whether pure free cholesterol dis- 
solved in some neutral solvent would also be assimilated in the same way, 
this dog was fed first a very small piece of 1 an meat, which he ate, and 
was then given bj' stomach tube 0.75 gm. of cholesterol (Merck) dissolved 
in about 10 cc. of cottonseed oil and emulsified in 250 cc. of water by means 
of white of egg. No trouble was experienced, either in this or in the follow- 
ing experiments where a similar procedure was followed, in the dog’s 
vomiting the liquid so administered. 

TABLE III. 

Dog S. 


Fistula Completed at Tl.SO a.m. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Per cent. 

Time 

collected. | 

Amount. 

Amount. ^ 

Amount. 


gm. 


per cent 

gm. 

1 per cent 



11.4 


0.043 


mmm 

34.67 


10.7 

WBm 

0.071 



31.70 

7.15 

11.0 

0.0083 

0.076 

0.0193 


30.28 

11.15 

10.8 

0.0145 

0.134 

0.0415 

0.385 

25.82 


* Time of feeding. 


Experiment 7F. — In order to in'vestigate the absorption of cholesterol 
esters it was necessary to resort entirely to the use of synthetic compounds, 
fed bj' the method used successfully in the case of free cholesterol in Ex- 
periment III. The esters used, the palmitate and oleatc, were prepared 
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according to the method recommended by Hurthle,* by heating cholesterol 
with five times its weight of the acid to be used to about 200° for two hours, 
and purifying the esters so produced by alcohol, in which they are very 
difiicultly soluble. In this e.vperiment the dog was ^ven first 17 gm- of 
lean meat, which had been found to contain about 0.015 gm. of cholesterol, 
mostly free, and then by stomach tube 1.5 gm. of cholesterol palmitate, 
dissoh-ed in cottonseed oil, and emulsified in water with egg white. The 
cottonseed oil was found on analj-sis to contain in 1 ce., 0.0010 gm. of ma- 
terial precipitated by digitonin before saponification, and 0.0016 gm. after 
saponification of the filtrate from this. This substance is probably the so 
called phytoaterol, which evidently exists as an ester, as well as free, al- 
though I am not aware that this point has been brought out before. It is 
closely related chemically to cholesterol, and is converted into it when fed 
to animals.* The results follow. 

TABLE IV, 


Doff S. 

Fistula Completed at ll.SO a.n. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Fer cent. 

Tiroc 
collect ed- 

Amount. 

Amount. 

.Amount. 

(J.m, 

em. 

cm. 

j>ar cent 

gm. 

'per etnt 


11.30 

7.8 


0.016 



30.19 

p.m, 

*SA0 







5.30 






38.46 

6.40 



0.026 



40.62 

7.40 

9.9 



Lost 




* Time of feeding. 


Experiment V . — The chyle obtained in this e.xperiment was very bloody 
a small vein having evidently been left opening into the jugular. This 
accounts for the relatively high proportion of free cholesterol found, the 
cholesterol of dog blood being in the neighborhood of 80 per cent uncom- 
bined. The dog was given the same test meal as the preceding one; tie., 
1.5 gm. of cholesterol palmitate dissolved in cottonseed oil and emulsified 
in water. 


* HOrthle, K., Ztschr. f. physiol. Chem., 1895-96, xxi, 331. 

' Fraser and Gardner, Proe. Roy. Soc., Series B, 1909, Ixxxi, 230. 
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TABLE V. 
Dog Jt. 


Fistula Completed at 11.16 a.m. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Per cent. 

Time 

collected. 

.\mount. 

Amount. 

Amount. 

p, m. 

gm. j 

gm. 

per cent 

gm. 

per cent 



10.1 

0.0082 

0.081 

0.0036 

0.035 

69.83 


10.0 

0.0116 

0.116 

0.0048 

0.048 

70.73 

9.15 

i 

11.7 

0.0129 

0.110 

0.0067 

0.057 

65.87 


* Time of feeding. 


Experiment VI. — Cholesterol oleate was substituted in this experiment 
for the palmitate, the same amount being used. 


TABLE VI. 

Dog 6. 

Fistula Completed at l.SO p.m. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Per cent. 

Time 

collected. 

Amount. 

Amount. 

Amount. 

p.m. 

gm. 

gm. 

per cent 

gm. 

per cent 


*4.30 

10.7 

0.0026 


0.0045 


36.36 

6.45 

9.8 



0.0133 


41.13 

8.45 

a. m. 

9.7 

0.0065 

0.067 

0.0100 

0.103 

39.41 

12.30 

10.0 

0.0067 

0.067 

0.0106 

0.106 

38.73 


* Time of feeding. 


Experiment VII. — Chyle was still running from the fistula used in the 
preceding experiment the next morning, and another e.xperiment was un- 
dertaken on the same dog, using this time 1.5 gm. of cholesterol palmitate. 
Unfortunately only one sample of chyle could be obtained after feeding, 
the fistula becoming permanently thrombosed. 
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tabu: vn. 


Dog s. 


Chyle. 

Free cholesterol. 

Cholesterol esters. 

Per cent. 

Time 

collected. 

Amount. | 

1 Amount. 

1 

1 Amount. 

a.m. 

pm. j 

pm. 

perent j 

pm. 

1 percjtrU 


9.00 

9.9 ' 

0.0032 

0.033 I 

0.0012 

0.043 

43.42 

*9.30 ! 







p.m. 1 

1 


! 




12.30 

9.4 

0.0073 ‘ 

0.078 

0.0106 

0,113 

40.84 


* Time of feeding. 


The figures quoted leave little doubt but that cholesterol is 
absorbed in the chyle together with other lipoidal material. It 
is of course not certain that no cholesterol is taken up by the 
blood stream directly. Unfortunately no determinations were 
made on the blood itself during the course of these experiments. 
It might be argued that an increase in the cholesterol of the 
lymph would not necessarily indicate an absorption through the 
lacteals, but that if the absorption were primarily by way of tbe 
blood stream, an increase would naturally follow in the Ijmiph 
of the thoracic duct, since the general lymph has its ori^ ulti- 
mately in the blood plasma. Such a supposition, however, is not 
borne out by the figures, the increase in some, at least, of the ex- 
periments being too great to be accounted for on such a basis. 
The dogs used were all fair sized; one (No. 2), which was after- 
ward bled to death for a different purpose, yielded about a liter 
of blood. Of this, perhaps 750 cc. were composed of plasma. 
In order to account for the increase which was shown in Experi- 
ment II on this dog, over 0.7 gram of cholesterol would have been 
required for this amount of plasma alone, without taking into 
consideration the blood remaining in the dog, the lymph and 
intercellular fluid, or the tissues themselves, which have been 
shown to share in the increase.'® Since by actual analj-sis, less 
than 0.9 gram of cholesterol was fed in this experiment, and since 
It has been repeatedly shown that there is not a complete absorp- 

Gardner and Lander, Btocfiem. Joar., 1913, vii, 576. 
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tion of cholesterol, much that is fed appearing in the feces either 
as such or as coprosterol, its reduction product, it is obvious 
‘that the increase shown by the chyle could not be explained on 
such a basis. In other experiments the rate of increase would 
have required a still larger quantity of cholesterol. 

It is evident, further, from the figures, that the intestine itself 
is a most important site for the conversion of free cholesterol into 
its esters or vice versa. This is probably the first direct evidence 
of this process by any ijarticular tissue, although it has, of course, 
been known that such changes take place in the organism. In 
those experiments in which a meal was given containing almost 
entirely free cholesterol, the increase is evident, not only in the 
free cholesterol of the chyle, but also, and to about twice the 
amount, in the combined cholesterol. On the other hand, when 
cholesterol almost entirel}’’ in the combined form is fed, there is 
likewise an increase in both fractions, about one-third being at- 
tributable to free cholesterol. Evidently during the absorption, 
the trend of the process is to preserve the ratio between free and 
esterified cholesterol which is normal to the chyle, and either an 
esterification or a*' hydrotysis maj’’ take place, according to the 
character of the material supplied. It is odd that in all the ex- 
periments in which a preponderance of free cholesterol was fed, 
there appears to have been a slight decrease in the relative amount 
of free cholesterol in the total, while in two of the experiments in 
which the esters were fed (IV and ^T), the reverse is true. The 
significance of this fact, if anjq is not apparent. 

In Experiment II it was attempted to show that the formation 
of esters from the free cholesterol might be due to the liberation, 
during the digestion, of free fatty acids. By adding oleic acid 
to the food it was thought that a considerably greater increase in 
esters might be shown than in Experiment I, the two being in 
other respects similar. The results did not in any way bear out 
the hypothesis. It is possible, of course, that the amount of 
oleic acid used (0.5 cc.) was too little to give a decided effect. 

In Experiment III, the finding of such a large amount of 
cholesterol in the last sample of the chyle eight hours after feed- 
ing, which contained also considerably more oily ether extract 
than the preceding ones, may be explained in part by slow ab- 
sorption owing to the weak condition of the dog, but probably 
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more by the blocking of the chyle in the intestinal IjTnphatics, 
following the temporary closing of its exit. The chj-le never ran 
continuouslyj but coagulated in the orifice of the duet soon after 
each sample was taken. As stated above, it was^alwaj-s possible 
to start the flow again without any difficulty by mserting a can- 
nula until about twenty-four hours after the operation, when 
permanent clotting usually took place. 

The experiments on cholesterol palnutatewere not, on the whole, 
as satisfactory as those on free cholesterol and cholesterol oleate, 
in all of which very marked absorption was indicated. Experi- 
ment IV is almost entirelj' negative, even the apparent increase in 
free cholesterol in the second sample being probably due to a 
false value for the flrst determination, since figures of this land 
were not obtained in any other case. The extremely small size 
of the first sample renders this likely. It may be noted, however, 
in this connection that this is the only ambiguous figure in the 
whole series, the work taken altogether indicating that the modi- 
fication of the digitonin method of analysis used here is remark- 
ably accurate, even for much smaller quantities of material than 
has been generally believed. 

Experiment V, in spite of the large amount of blood present, 
shows a distinct increase in cholesterol content, while the in- 
crease shown in Experiment VII is equal to that obtained in the 
feeding with free cholesterol. 

CONCLUSIONS. 

1. Cholesterol is readilj'- absorbed from the intestinal tract 
through the chyle and may be recognized in the contents of the 
thoracic duct. 

2. VTien cholesterol is fed entirely in the free condition, a por- 
tion is esterified during the absorption and appears so in the 
chyle, and vice versa. Hence either in the intestinal contents or 
in the wall of the intestine, processes of esterification or of hj'drolj'- 
sis may take place w’hich result in the absorption of the choles- 
terol in appro.ximately the same proportion of free to ester found 
normally in the chyle. 

3. This ratio seems not to be affected bj' the presence of small 
quantities of fatty acids in the food. 




THE RATE OF THE PASSAGE OF FATTY ACID OF FOOD 

INTO THE MAMMARY GLANDS OF THE GOAT. 

By 0. C. BOWES. 

(From the Department of Physiology, Columbia Unitersity, Nev: York.) 

(Received for publication, June 10, 1915.) 

In connection with other studies on milk secretion, which are 
being pursued by the writer in the Department of Biological 
Chemistry, it seemed desirable to study the rate at which the fat 
of the food could be metabolized and excreted by the mammary 
glands. The following observations were made under the direc- 
tion of Dr. E. L. Scott, and for his assistance and helpful advice 
I wish to express my indebtedness. 

Mendeh has shown that by staining food fat with Sudan III, 
stained fats will appear in the lacteals of the dog in from four to 
five hours after feeding. There is no assurance, however, that re- 
combinations may not take place in the intermediaiy* metabolism 
and cause the dye to be excreted before or after the fat with which 
it was originally combined. Wintemitz,* in feeding iodized fats 
to a goat, found traces of iodine in the milk in from fifteen to 
twenty hours after feeding. Owing to the occurrence in the liver 
of acids which are more imsaturated than those contained in the 
food, there is a possibility of the iodine recombining with these 
acids and consequently being found in the milk in a new combina- 
tion. If a substance could be fed which could be identified in the 
milk unchanged it would seem to afford a more satisfactory 
method for the study of the activity of the mammary glands. 

My observations were made on a single goat. The substance 
selected for feeding was arachis oil, which normally contains about 
5 per cent of arachidic acid. 1 am aware that arachidic acid is 
sometimes found in butter, due probably to the practice of feed- 

’ Mendel, L. B., Am. Jour. Physiol., 1909, xxiv, 493. 

* Winternitz, H., Dcutsch. med. Wchnschr., 1897, xxiii, 477; Ztschr. f. 
physiol. Chem., 189S, xxiv, 425. 
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ing arachis meal to the cows. Although in my experiment the 
normal milk was examined for arachidic acid for the five succes- 
sive days just previous to the experiment, none was found to be 
present. Then, after emptying the glands on the evening of 
July 27, 1914, 25 cc. of arachis oil were given in the feed and 25 
cc. were given twice daily thereafter until the morning of August 
1. The morning milk of July 28, twelve and one-half hours after 
the first feeding, was found to contain arachidic acid in abun- 
dance. The evening milk of July 28 contained appreciably more, 
and from then on to the end of the experiment, August 1, a.m., 
the amount remained apparently constant. 

The analytical procedure in this case was to extract the fat from the milk 
by Meigs’’ method. A weighed quantity of milk is diluted with an equal 
volume of distilled water and then shaken for five minutes with a volume 
of ether equal to the original volume of milk; then alcohol equal in volume 
to the amount of ether is shaken with the milk-ether mixture and, after 
settling, the ether layer is pipetted off and the fat is dried to constant 
weight in a vacuum desiccator over sulphuric acid. The arachidic acid was 
determined by Renard’s^ method as modified by Lewkowitsch. By this 
method the unsaturated fatty acids are separated from the saturated acids 
by extracting the' lead salts with ether. The remaining salts are then de- 
composed with hydrochloric acid and the fatty acids are collected. The 
fatty acids are washed several times with hot water and finally dissolved 
in boiling 90 per cent alcohol. Arachidic acid crystallizes out upon cooling 
the solution to IS^C. 

"While no attempt was made at exact quantitative estimation, 
as it was the purpose only to see whether any arachidic acid were 
present in the milk, it may be of interest to note that the total 
weight of the crystals from samples Nos. 2, 3, and 4 was 1.2878 
grams. The fact that these crystals became almost transparent 
at 77°C. and whollj'- transparent at 81°C. indicates that they were 
a mixture. Since arachidic acid has a melting point of 77°C., 
and lignoceric acid a melting point of 80.5°C., and since both these 
acids are characteristic of arachis oil, it is fair to presume that the 
crystals were composed of these acids. The microscopic appear- 
ance of the crystals was such as to confirm this assumption. 

’ Meigs, A. V., Philadelphia Med. Times, 1881-82, xii, 660. 

* Renard, A., Compt. rend. Acad. d. sc., 1871, Ixxiii, 1330. 

’ Lewkowitsch, J., Chemical Technology and Analysis of Oils, Fats, and 
Waxes, London, 1909, 4th edition, i, 132-33; ii, 252. 
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From these facts it is evident that the time required for the in- 
gested fatty acids to appear in the milk is at least not over twelve 
and one-half hours and probably less. No attempt was made to 
determine how long after discontinuing the feeding of arachis oil 
the arachidic acid continues to be ex(Jreted. 
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I. INTRODUCTION. 

Work of fundamental character bj^ Magnus-Le\w^ showed the 
influence of the ingestion of very fat bacon upon the metabolism 
of the dog. Respiration experiments lasting about thirtj’- minutes 
each, using the Zuntz method, were made upon a dog breathing 
through a tracheal cannula. These showed that after giving 140 
grams of fat bacon the metabolism increased during the fifth to 
ninth hours to a height which was about 10 per cent above the 
original basal level as measured twenty-four hours after the last 
ingestion of food. After 320 grams of fat bacon had been taken 
the metabolism showed a majdmal increase of 19 per cent during 

' The urinary analyses were performed by Mr. R. H. Harries. 

’ Magnus-Le\y, A., Arch. j. d. ges. Physiol., 1894, Iv, 1. 

15 



16 


Animal Calorimetry 


the fourth to seventh hours. The increased metabolism extended 
from the fourth to the thirteenth hours after food ingestion and 
then subsided to the original basal level. The total increase in 
heat production could be estimated as 2.5 per cent of the energy 
content of the fat ingested. The environmental temperature of 
the dog varied between 16° and 19°, and all extraneous movements 
were avoided. 

In 1910 0. Miiller^ sought to compare the relative specific 
dynamic action of starch and glucose. However, when he gave 
starch he also administered 40 grams of fat with it, thereby intro- 
ducing a teclmical error, as will appear later. 

In the Third and Eleventh Papers of this series the manner of 
the carbohydrate metabolism has been discussed. In the present 
paper the course of metabolism after fat ingestion ^vill be de- 
scribed, as well as that observed after combining fat with glucose 
and with glycocoll in various wa 3 '-s in the ingesta. 

The work of Bloor^ has shown that after giving fat to a dog 
there is a gradual rise in the fat content of the blood, the maximum 
being attained in the sixth hour, after which there is a fall. 
Furthermore, when fat was injected intravenously so that the fat 
content of the blood was doubled, the excess disappeared within 
five minutes after the cessation of the injection. Should the 
course of metabolism after fat ingestion follow the curve of fat 
content in the blood, this would tend to establish the standpoint 
that the heat production may be increased by increasing the 
metabolites available for cell nutrition. 

II. EXPERIMENTAL PROCEDURE. 

The two dogs which were used in these experiments were sub- 
jected to the same experimental pi’ocedure described in former 
papers. The “standard diet” was given at 5.00 p.m. and eighteen 
hours thereafter the basal metabolism was determined. On other 
experimental daj^s the material the dynamic action of which was 
to be tested was given about 9.00 a.ni., or eighteen hours after 
food, and the course of the heat production noted. The food 
when ingested had a temperature of 38°. The experiments were 

’ Muller, 0., Biochem. Ztschr., 1910, x.xviii, 427. 

* Bloor, W, R., Jour. Biol. Chem., 1914, .\ix, 1. 
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conducted at an en-vdronmental temperature of 26“. The methods 
of calculation followed were the same as those used in the Eleventh 
Paper,^ 

The fat emulsion was made bj' Fairchild Brothers and Foster 


and contained; 

P ft cent 


37 


37 

Water 



100 grains contained 69-i calories as determined in the bomb 
calorimeter. The glucose administered was anhj^drous and chemi- 
cally pure, manufactured by Merck, and showed a heat value as 
determined in the bomb of 3.70 calories per gram. 

III. EXPERIMENTAL PART. 

These experiments have analyzed the course of the heat pro- 
duction (1) after the ingestion of 75 grams of emulsified fat; (2) 
after the ingestion of 75 grams of fat followed by 70 grams of ^u- 
cose; (3) after the ingestion of 50 grams of glucose plus 20 grams 
of glycocoU four hours after the administration of 75 grams of 
emulsified fat. The results of these experiments are epitomized 
in Tables I, II, and III and in Charts I, II, and III, whereas the 
full details are appended in Tables IV and V. 

The experiments on Dogs III and XIV showed the following 
comparisons between indirect and direct calorimetrj-. 


Do^ 

' No of 
etperi' 

Indirect. 

! 

Direct. 

: D^f^e^en(^e. 

I No- of erperiiBentg 
j in Tchich error Tvas 


[ mcnts. 





Tinder 2 
per cent. 

over 2 
per cent. 

in , 

10 1 

ref. 

996.71 1 

cal. 

975.05 

i 1 

1 21.66 1 

Per cent | 
2.2 1 

5 j 

5 

.\'IV 1 

22 I 

2,244 20 1 

2,2.30.18 

j 14.02 1 

0.6 1 

14 1 

8 


In two of the thirty-two experiments the difference between 
indirect and direct calorimetry was less than 1 per cent. There 


*Lusk, G., Jour. Biol. Chem., 1915, xx, 555. 


THE jorriN^L or biologic-^l CBEMismT-voL. xxn, yo. 1, 
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is nothing to indicate that any particular foodstuff causes a dis- 
crepancy between the forms of measuring heat, but probably that a 
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CiiARx I. The effect of fat and of glucose plus fat upon the heat 
production. 


change in the position of the dog itself, or of the position of the 
rectal thermometer within the dog, may so affect the reading of 
the body temperature as to modify materiallj’- the calculations of 
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direct calorimet^J^ Experiments of Mr. Riche indicate this 
to be true. Such errors would tend to equalize each other in the 
long run. Alcohol checks in general show more accurate agree- 
ment than work on dogs, thus proving the excellence of the 
calorimeter itself. 

TABLE I 


The Influence of Fat, 75 Grams (.694 Calories), and Glucose, 70 Grams (359 
Calories), upon the Metabolism of Dog III in Calories per Hour. 


Expenmeut No 

R Q 

a\ er- 
age 

Hrs after food * 


B 

B 

5 

6 

7 

8 

9 

i 

n 

Basal 

S4 

0 82 


19 7 

18 9 









08 

0 86 

IS 

20 2 

19 7 









100 

0 M 

iS 

20 3 

20 2 








A^ erage 


0 

19 9 

20 1 

19 6 


Ave 

rage 

19 9 

1 

1 

1 

1 

Fat 75 gm 

93 

0 81 

23 0 

22 7 

24 0 

23 7 








95 

lim 

1 20 4 

22 4 

i 24 1 

26 2 

1 26 4 

1 23 7 


i 




99 

0 78 





25 4 

23 8 

23 8 

21 3 

20 4 

17 9 


101 

0 78 

20 9 

21 3 

26 3 

1 








A% erage 


IQ 

21 i 

22 1 

24 8 

24 5 

25 9 

23 7 

23 8 

21 3 

20 4 

17 9 

Increase in per cent 


1 

7 

11 

25 

23 


19 

19 

7 

2 


Fat 75 gm -V glucose 70 













gm 

96 

0 98 

24 6 

26 0 

24 1 

25 1 

29 6 

26 1 






97 

1 00 

25 3 

23 4 

23 7 

23 6 

gy 

21 6 





A\ erage 



24 9 

24 7 

23 9 

24 3 

26 3 

23 E 





Increase in per cent 



25 

20 

20 

22 

32 • 

20 





Glucose 70 gm 4 hr< 













alter lat 75 gm 

lOl 

Q 94 





29 0 

27 0 

2S 3 




Increa^MJ in per cent 







45 

36 

42 





•Except IS hen the basal raetabohsm was determined. 


A. The Adminisiration of Fat, 75 Grams. 

The ex-periments upon Dog III show that after the ingestion of 
fat the heat production gradually rises till the sixth hour to a 
maximum 30 per cent above the basal metabolism and then fahs 
slowly to the basal level which is reached ten hours after the fat 
has been taken (see Chart I). In Dog XIV the increase appeared 
earlier, did not reach the same height and was not followed to its 
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conclusion (see Charts II and III). In Dog III the total wcrease 
in heat production amounted to 28.S calories, or If.l per cent of the 
694 calories of energy contained in the 76 grams of ingested fat. 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
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BBBBBfsin^^BBBBBBBaBBBBBBBBBBBBBBflli 
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Chart II. The effect of fat, of glucose, and of glucose plus fat upon 
the heat production. 


In Dog III the respiratory quotients during three experiments 
in which the basal metabolism was determined averaged 0.84, and 


21 


J. R. ]Murlin and G, Lusk 

in four experiments after fat ingestion the average was 0.79. In 
Dog XIV (First Series) the quotients of five basal metabolism 
experiments averaged 0.85, and of four after fat ingestion, 0.80: 
in the Second Series three basal metabolism experiments showed 


T.VBLE 11. 

Dog XIV. First Series. 

The Influence of Fat, 75 Grams (694 Calories), and Glucose, 70 Grams (259 
Calories), Severally and Together in Calories per Hour. 


Etpenment No. 

R. Q- 
aver- 

Hrs. after food.* 

e> 


B 

5 

6 

Basal 2 

0.83 

22.2 

20 7 

22.0 



6 

0.85 

19.8 

19.0 

22.5 



8 

0.91 

21.2 

22.4 

20.7 



12 

0.83 

21.8 

21.2 

25.0 



14 

0 82 

20 2 

21.6 




Average. 

0.85 

21 0 

21.0 

22.5 


Avpr 

Fat 3 

0.79 

25 0 

25.5 

25.9 

24.4 


7 

0.80 

25.9 

24.6 

28.7 



9 

0.80 

24.9 

25.1 

23.5 



13 

0 80 

25 2 

23.0 

24.3 

24.3 

25.3 

Average 

0 SO 

25.2 

24.0 

25.6 

24.4 

25.3 

Increase in per cent. 


17 

14 

19 

13 

18 

Glucose 70 gm.. 4 

0.99 

29.0 

28.4 

28.1 



5 

1 02 

29.0 

28.0 

24.7 

21.2 

20.0 

.\verage 

1.00 

29.0 

28.2 

26.4 

21.2 

20.0 

Increase in per cent. 


35 

31 

23 



Glucose 70 gm,. 7 







4 hrs. after fat... 

0.93 





33.8 

Increase in per cent 






57 


age 21 


30.9 

39 


32.2 

50 


Except when the basal metabolism was determined. 


an average quotient of 0.86, and one after fat ingestion of 0.81. 
The average quotient of each basal metabolism ex-periment was 
therefore always higher than any of the quotients found after 
giving fat. Il appears, therefore, that the administration of fat 
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Chart III. The effect of fat, of glycocoll, of glucose, of glucose plus 
glycocoll, and of glucose plus gl3'cocoll plus fat upon the heat production. 
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causes a relaiite increase in the melabolism of fat itself. Thus, an 
analysis of Experiments 6 and 12 on Dog XIV in which the basal 
metabolism was determined and in both of which the respiratorj’- 
quotients averaged 0.85, shows that 43 and 40 per cent of the 

T4BLE m. 

Dog XIV. Second Series. 

Influence of Fal, 75 Grams (€94 Calories), Glucose, 70 Grams (259 Calo- 
ries), Glycocoll, 20 Grams (42 Calories). Glucose, 50 Grams + Glycocoll, 
20 Grams (227 Calories), Seierally and Together, upon the Metabolism of 
Dog XIV in Calories per Hour. 


] 

Experiment Ko 

a Q 

ft\er- ■ 
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Hrs after food 

• 




3 

4 

3 

6 

7 

8 

9 

Basal 

15 

0 85 

24 1 

23 9 

20 7 







17 

0 90 

21 1 

24 5 

22 7 







21 

0 &4 

22 1 

22 1 

21 8 






\\ enge 


0 86 

22 8 

23 5 

21 7 


A-n er 

age 22 

.7 


Fat 75 gm 

20 

0 81 


24 9 

26 4 

25 2 

26 4 

26 4 

27 0 

26 4 

Increase in per cent 




10 

16 

11 

16 

16 

19 

16 

GIuco«e 70 gm 

16 

1 00 1 

3t 4 

30 3 

28 5 

24 0 

23 7 





19 

I 00 

30 2 

27 0 

27 0 

22 S 




i 

K\ erage 



30 6 

2S 6 

27 7 

23 4 

23 7 1 


1 


Increase in per cent 



35 

26 

22 

1 ^ 

4 1 




Gl^coeolI 20 pm 

18 

0 88 

28 0 

26 8 

25 8 

25 5 

23 2 

25 0 



Increase in per cent 



23 

18 

14 

12 

2 

10 



Gl> cocoll 20 gm + glucose 50 











gm 

23 

1 01 

33 9 

33 0 

2S 7 

25 7 

24 6 




Increase in per cent 



49 

45 

26 

13 

9 




Glucose 70 gm 4 hra after fat 

22 

0 Q3 





27 4 

27 4 

33 0 

2S 4 

Increase in per cent 







20 

20 

41 

25 

Gluco'se 70 gm +gljcocoll20 











gm 4 hrs^ after fal 

24 

\ 00 





35 4 

39 2 

31 4 

27 2 

Increase m per cent 







56 

73 

38 

20 


* Except x\hen the basal metabolism was determined. 


energj' was derived from fat, whereas in Experiment 13, after fat 
ingestion, the energj' from fat was 56 per cent of the total. 
Furthermore, in the two experiments in which the basal metab- 
olism was determined the protein plus carbohj-^drate calories 
were 11.5 and 10.0 per hour, whereas in the fat experiment the 
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protein plus carbohydrate calories were 10.6 per hour. In the 
Second Series of experiments on Dog XIV analogous relations e.xist. 
The increase in heat 'production is therefore derived from the in- 
creased oxidation of incoming fat. 

B. The Administration of Fat and Glucose. 

In order to determine whether there was a summation of effect 
when fat and glucose were given together, two such experiments 
(Nos. 96 and 97) Avere accomplished on Dog III. In these experi- 
ments the heat production rose in the first two hours of experi- 
mentation to a higher level than Avhen fat alone was given. The 
respiratory quotients during this period indicated the combus- 
tion of the readil}'- absorbable glucose. In Experiment 96 there 
appeared to be a decided secondary rise in metabolism during the 
fifth and sixth hours, indicating the maximal rise due to fat ab- 
sorption (see Chart I). 

C. The Administration of Glucose Four Hours after Fat Had Been 

Given. 

Since the maximal effect of fat upon metabolism takes place 
six hours after its ingestion and that of carbohydrate during the 
second and third hours after it has been given, the experiment 
was varied so that 70 grams of glucose were given to Dog III 
four hours after 100 grams of fat emulsion had been given. It 
was noted that during the fifth to seventh hours the metabolism 
was increased 41 per cent above the normal in contrast with a 23 
per cent increase when fat alone was given. The relations are 
shoAvn below: 


Dog III. 


Experiment Nos. 

R. Q. 

Cnl. 
per hr. 

No. of 
hrs. 

Increase above normnl- 

94, 98, 100 Basal 

0.84 

19.9 

3 

cah 

■per 

93, 95, 99, 101 Fat 75 gm 

101 Glucose 70 gm. 

4 hrs. after fat 

0.79 

24.5 

3* 

4.0 

23 

75 gm 

0.94 

28.1 

3* 

8.2 

41 


*6, 7, and S lirs. after fat. 
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Still more strildiig were experiments made upon Dog XIV 
(First Series). Here the effects of carbohydrate and fat alone and 
together were determined and with the following results; 


Dog XIV. First Series. 


Experiment Xos. 

R.Q. 

Cal 
per hr. 

No. of 
hrs. 

Increase above normal. 

2, 6, 8, 12, 14 Basai 

0.85 

21.5 

3 

1 col. 

ptr ctTA 

3, 7, 9, 13 Fat 75 gtn 

0.80 

25.0 

5 

3.5 

16 

4, 5 Glucose 70 gm. . , 

7 Glucose 70 gm. 4 

hrs. after fat 

1.00 

28.6 

2 

7.1 

33 

75 gm 

0.93 

32.3 

2 

10.8 

50 


This table shows that after giving fat the metabolism rose 16 
per cent above the normal and the respiratory quotient fell from 
0,85 to 0.80. After ^ving glucose the metabolism rose 33 per cent 
during the two hours of maximal effect, and the respiratory quo- 
tient was 1.00. However, when 70 grams of glucose were given 
four hours after the ingestion of 75 grams of fat the heat pro- 
duction rose to a level 50 per cent above the basal, or the arith- 
metical sum of the increases which fat and carbohydrate alone 
would have produced. In this the results are comparable to those 
observed when glucose and alcohol were given alone or together. 

VTien glucose was given after fat ingestion the respiratory' 
quotient was 0.93 in Dog XIV and 0.94 in Dog IH, instead of unity 
when carbohydrate was given alone. The decided lowering of the 
respiratory quotient has its counterpart in a similar fall when 
alcohol and glucose are given together.® It is perhaps impossible 
to calculate exactly the relative quantities of fat and carbohj--- 
drate oxidized under these circumstances, for a probable conver- 
sion of carbohydrate into fat would raise the respiratory' quo- 
tierit, a complication for which correction is impossible. Be that 
as it may, the quotients of 0.93 and 0.94 which were found 
show that there can be no question that Tviih an ample influx of 
both fat and glucose at the same lime, both food substances are 
simultaneously oxidized and with a large increase in the heat 
production. 


‘ Lusk, loc. cit., 1915, XX, 555. 
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Two sets of experimental conditions occurred in which the sum- 
mation is not evident: (1) when fat and carbohydrate are given 
at the same time and the cai’bohydrate is more rapidly absorbed, 
a high respiratory quotient b’etokens its almost exclusive utiliza- 
tion and there is no summation of effect (see Experiments 96 and 
97 on Dog III) ; (2) when glucose is given after fat, and low quo- 
tients like 0.86 and 0.91 indicate its slow absorption, due possibly 
to prolonged retention in the stomach (Experiment 22, Dog XI\^. 

In a former article Lusk’ has held that there was no evidence 
to show that the increased metabolism after giving carbohydrate 
and fat was due to acid stimulation of the cells. If it were true 
that the high heat production after giving fat and glucose together 
was due to an increased production of acids in metabolism, then 
one would naturally expect to find an increased quantity of am- 
monia in the urine. The following table shows the quantities of 
ammonia nitrogen eliminated after the ingestion of 75 grams of 
fat and after giving 70 grams of glucose four hours after fat 
ingestion. 


Date. 

Experiment No. 

Length of urine 
collection in hrs. 

N in mg. per hr. 

Total 

N. 

NHiN. 

1915 

-■tpr. 19 . . . 

20 Fat 75 gm 

8 hrs. 20 min. 

112 

7 

“ 28... 

4 hrs. after 75 gtn. fat 

5 hrs. 


15 

“ 21... 

22 Glucose 70 gm. 4 hrs. after 
fat 75 gm 

5 hrs. 9 min. 

95 

4 

“ 29... 

Glucose 70 gm. 4 hrs. after 
at 75 gm 

5 hrs. 


3 


It is apparent from these results that when glucose and fat are 
oxidized together in the organism the quantity of ammonia elimi- 
nated in the urine is much less than when fat alone is given. As 
ammonia elimination is held to be an index of acid formation the 
reduction in ammonia output may be considered as an added 
indication that the increased heat production which follow's carbo- 
hydrate ingestion is not due to acid stimulation. 

It may be further stated that in Experiment 18 following the 
ingestion of glymocoll the ammonia excretion was 20 mg. 
hour, and in Experiment 23 after glymocoll and glucose w'cre given 

■ Lusk, loc. cit., 1915, xx, 555. 
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together it amounted to 23 mg. per hour. In this instance in 
■which a stimulation is effected through the metabolism of an 
anuno-acid the atomonia output appears to be uninfluenced by the 

administration of carbohydrate. 

Although it may be posable that the increased heat production 
after administration of carbohydrate is due to acid stimulation, no 
convincing evidence in favor of this idew exists at present. Of 
theoretical significance might be mentioned the possible synthetic 
production of alanine from methyl glyoxal, -which substance 
would then act as a stimulus to metabolism. 

D. The Effect of Glycocoll, Glucose, and Fat, Severally and 

Together. 

A second series of experiments performed upon Dog XIV was 
designed to show the results of the rimultaneous effect of glyco- 
coll, glucose, and fat upon the metabolism. To this end the in- 
fluence of each of these three substances was determined sepa- 
rately, then that of glucose and glycocoll given together, and 
finally the effect of a mixture of all three materials. 

After giving fat the metabolism was found at its maximum in 
the sixth to ninth hours, showing at this time an average increase 
of 17 per cent above the normal. When glucose and glycocoll 
were given together -with fat the first two were administered at the 
beginning of the fifth hour after the fat had been ingested, in 
order to obtain a maximal effect. Since the effect of glucose or 
of glycocoll reaches a maximum during the second and third 
hours after their ingestion, these hours are taken for comparison. 
The essential results may be thus briefly summarized. 


Dog XIV. Second Series. 


Etpenment Xos 

R Q 

Cal 
per hr 

No ci 
brs 

increase o\ er 
normal 


J 




cal 


15, 

17. 21 Basal 


22 7 

3 



20 

Fat 75 gtn 

H 

26 6 

1 4* 

; 3 9 

17 

IS 

Glycocoll 20 gm 

tia 

27 6 

2 

4 9 

25 

16, 19 Glucose 70 gni I 

1 02 1 

29 6 

2 

' 6 9 1 

1 30 

23 

Glucose 50 gm. + glycocoll 




1 



20 gm . , . 1 

1 03 

iia 

2 

10.8 1 

48 

24 

Glucose SO gm. + glycocoll 







20gm.gnen4hrs. after fat 
75 gm 

1 02 

37 3 

2 

14 6 

64 


Hours 6, 7, S, 9 after fat ingestion. 
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Analysis of these figures reveals a verj^ close approximation to 
a summation of effect as the different substances are brought into 
play among the metabolizing cells. This is illustrated as follows: 


Increase. 

cal, per cenl 

Glycocoll 20 gm 4.9 25 

Glucose 70 gm 6.9 30 

Sum of both 11.8 .55 

Glucose 50 gm. + glycocoll 20 gm 10.8 48 


This accords with former results given in the Eleventh Paper.* 
Further analysis shows the following relations: 

Increase. 



col. 

per ceut 

Glycocoll 20 gm 

4.9 

25 

Glucose 70 gm 

6.9 

30 

Fat 75 gm 

3.9 

17 

Sum of all 

15 .7 

72 

Glycocoll 20 gm. glucose 50 gm. 4 hrs. after fat 
75 gm 

14.6 

64 


It has previously been shown that there is little difference in the 
heat production after giving 50 and 70 grams of glucose during 
the first two experimental hours. Bearing this in mind, it is evi- 
dent from the above table that after giving 20 grams of glycocoll 
-f 50 grams of glucose during the height of the absorption of 7o 
grams of fat, the increase in metabolism is nearly the sum of the in- 
creases brought about by giving each substance separately. Reason- 
ing from analogy based on work published in the Eleventh Paper, 
alcohol, if it had been added to the mixture, would have raised 
the metabolism to even a higher level. 

IV. SUMMARV. 

This paper extends to fat metabolism the consideration given 
to that of amino-acids, carbohydrates, and alcohol presented m 
the Eleventh Paper. 

1. One must picture the large influx of fat globules into the 
blood stream through the thoracic duct after partaking of fnt, 
an influx which reaches its maximum during the sixth hour. The 

® Lusk, loc. cit., 1915, xx, 555. 
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heat pro'duction of the organism may gradually rise, reach its 
maximum during the sixth hour, and may fall to the basal level 
ten hours after fat has been ingested (as in Dog III). It appears 
that the ingestion of fat does not change the quantity of heat 
produced from protein and glycogen, but that the increased 
metabolism is at the expense of the fat ingested. 

2. If glucose be ingested at the time of the highest fat metab- 
olism, the heat production undergoes a second increase bA' the 
same quota which glucose alone would have increased metab- 
olism. At this level of higher metabolism the respiratory' quo- 
tient is 0.93 or 0.94, instead of unity, which it would have been if 
glucose had been ^ven alone. Hence, glucose and fat were being 
oxidized together. This is the metabolism of plethora. As 
concerns fat and carbohydrate, the opinion of Carl Voit that the 
height of the heat production is determined by the quantity and 
quality of the materials brought to the cells by the blood appears 
to be vindicated. 

3. When glucose and glycocoll are given together so that then- 
molecules enter the circulation at the time of the height of fat 
absorption, the increase in metabolism is very' nearly equal to the 
sum of the increases which each of the three materials would have 
induced alone. 



TABU 


Do; 


Date, 

d 

'Z, 

u 

o 

c. 

V* 

W 

Time 

CO-. 

0; 

HQ 

HrO. 

Urine 

N. 

Non- 

pretein. 

HQ. 

Calorics 

E^teic. 

Cnrbo- 
hj dratc 
into 
fat. 

Non* 

protcit 

1914 


a,m. 

gm. 

gm. 


gm. 

gm. 





Oct. 27.. 

93 

10.50-11.50 

7.86 

6.86 

0.83 


0.148 

0.84 

3.92 


19.0 



11.50-12.50 

7.46 

6.85 

0.79 

10.87 

0.148 

0.79 

3.92 


18.7; 



"p.m. 












12.50- 1.50 

7.91 

7.23 

0.80 


0.148 

0.79 

3.92 


20.0; 



1.50- 2.50 

8.00 


0.82 


0.148 

0.82 

3.92 


19. 7i 



a. 77*. 










Oct. 28.. 

94 

10.07-11.07 

6.44 

5.68 

0.82 

8.65 

0.133 

0.83 

3.53 


15.0 



11.07-12.07 

6.65 

5.92 

0.82 

8.11 

0.133 

0.82 

3.53 


16.?. 



p.m. 












12.07- 1.07 

6.43 

' 5.64 

0.83 

7.77 

0.133 

0.84 

3.53 


15.3 



a.vi. 










Oct. 29.. 

95 

10.20-11.20 

6.77 

6.14 

0.80 

8.87 

0.128 

0.80 

3.39 


17.0 



11.20-12.20 

7.45 

6 74 

0.80 

8.21 

0.128 

0.80 

3.39 


19.0 



p.TW. 












12 20- 1.20 

8.00 

7.22 

0.81 

8 34 

0.128 

0.81 

3.39 


20.6 



1 20- 2 20 

8.34 

7.94 

0.76 

8.66 

0.128 

0.76 

3.39 


22.S 



2.20- 3 20 

8.54 

7.99 

0.78 

8.48 

0 128 

Era 

3.39 


23.0 



3 20- 4 20 

8.13 


0.79 

7.97 

0 128 

m 

3.39 


20.3 



a. VI, 










Oct. 30.. 

96 

10 25-11 25 

10 03 


l.Oi 

8 22 

0 113 


3.00 

0.26 

21 .S 



11 25-12 25 

11 16 

7 28 

1 12 

9 18 

0.113 

1.16 

3 00 

0.57 

22 J 



p.m. 












12 25- 1.25 

8 91 

7 02 

0 92 

9.03 

0.113 

Era 

3.00 


21.11 



1 25- 2.25 

8 68 

7 42 

0 85 

8 39 

0 113 


3 00 


22. P 



2 25- 3 25 

11 37 

8 47 

0 98 

8 89 

0 113 


3.00 


26.7 



3.25- 4 25 

9.78 

7.54 

0 94 

9.28 

0 113 

0 96 

3 00 


23 r 



0.77*. 










Nov. 5.. 

97 

10 21-11 21 

10 16 

7 26 

1 02 

8 83 

0 132 

1 06 

3 50 

0 20 

21. ( 



11 21-12 21 

10 42 

6 54 

1 16 

9 08 

0 132 

1 23 

3 50 

0 71 

19.1 

t 



p.Vl. 









i 



12 21- 1 21 

9 04 

6 85 

0 96 

8 50 

0 132 


3 50 


20 ; 



1 21- 2 21 

9 37 

6 75 

1 01 

8 50 

0 132 

1 03 

3 50 

0 16 

19 r| 



2 21- 3 21 

8 58 

6 68 

0 93 

7 89 

0 132 

0 96 

3 50 


ID.'l, 



3 21- 4 21 

S 00 

6 30 

0 92 

7 76 

0 132 


3 50 


18 0 


* Estimated. 


30 














tv. 

in. 


Calories. 

Body temperature. 

Moto» 

ing 

weight. 

Behavior of dog. 

Food. 

[fidirect. 

Direct. 

StaiU 

End. 

Dif. 






Jtff. 



22.97 

21.25 

37.47 

37.58 

+0.11 

12.85 

Quiet 

100 gm. fat emulsion at 

22.69 

22.84 


37.78 

+0.20 


« 

10 a.m. 

23.97 

22.76 


37.90 

+0.12 


it 


23.68 

23.24 


37.83 



ti 


93.31 

90.09 







18.97 

18.76 

37.65 

37.52 

-0.13 

12.70 

Quiet 

Basal. 

19.75 

19.43 


37.60 

+0.08 


« 


18.86 

19.21 


37.63 



(( 


57.58 

57.40 







20.40 

20.47 

37.56 

37.60 


12.75 

Quiet 

100 gm. fat emulsion at 

22.41 

22.22 


’37.81 

+0.21 



9.25 a.m. 

24.08 

22.65 


38.00 

+0.19 


Slight movement 


26.21 

23.72 


38.11 

ESSE 


Quiet 


26.43 

26.29 


38.39 

+0.28 


u 


23.69 

21.94 


38.26 



it 


143.22 

137.29 







24.6-1 

25.36 

37.82 

38.08 

+0.26 

12.90 

Quiet 

100 gm. fat emulsion + 

25.94 

24.66 


38.09 

+0.01 


it 

70 gm. glucose at 9.25 








a.m. 

24.14 

24.61 


38.06 

-0.03 


it 


25.06 

25.27 


38.30 



it 


29.55 

24.64 


38.24 

ianB 


tl 


26.07 

24.58 


38.15 



it 


155.40 

149.12 







25.39 

22.93 

37.86 

37.80 


13.15 

Quiet 

100 gm. fat emulsion + 

23.30 

25.48 


37.92 

+0.12 


a 

70 gm. glucose at 9.25 

23.70 

23.82 


37.94 



it 

a.m. 

23.55 

23.3.5 


37.94 

+0.00 


it 


22.96 

22.18 


37.94 

+0.00 


it 


21.58 

22.00 


38.03 

+0.09 


it 


140. .54 

il39 70 


— 





31 
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table 1\. 


Dntc 

O 

u 

o 

c. 

V* 

U 

Time 

CO- 

0: 

R Q 

H-0 

Urine 

N 

Non- 

protein 

RQ 

C'\lones 

Protein 

Carbo- 

h\dntc 

into 

fat 

Non 

protci 

1914 


ff.WZ. 

ffm 

ffm 


cm 

ffm 





Nov. 6. 

9S 

10 10-11 10 

7 07 

5 82 

0 88 

9.44 

0 135 

0 90 

3 58 


10 I 



11 10-12 10 

7 06 

6 02 

0 85 

8.55 

0 135 

0.86 

3 58 


10 e 



pjfl. 












12 10- 1 10 

6 SI 

5 SS 

0 84 

7 93 

0 135 

0 85 

3 58 


16 1 



p,7/K 










Nov. 9 

99 

3 34- 4 34 

S 23 

7 64 

0 78 

9 56 

0 086 

0 78 

2 28 


23 ] 



4 31- 5 34 

7 S3 

7 15 

0 SO 

9 21 

0 086 

0 SO 

2 28 


21 J 



5 34- C 34 

7 65 

7 17 

0 78 

8 98 

0 086 

0 77 

2 28 


21 c 



6 34- 7 34 

6 9S 

0 41 

0 79 

8 11 

0 086 

0 79 

2 28 


19 t 



7 34- S 34 

6 11 

6 26 

0 71 

7 79 

0 086 

0 70 

2 28 


IS 1 



S 34- 9 34 

6 17 

5 33 

0 84 

7 46 

0 080 

0 85 

2 28 


15 t 



a 7n, 










Nov. 11 

100 

10 31-11 31 

7 15 

6 21 

0 84 

8 23 

0 113 

0 84 

3 00 


17 { 



11 31-12 31 

7 05 

0 02 

0 85 

7 42 

0 113 

0 80 

3 00 


17 ! 



pjn. 












12 31- 1 31 

0 79 

0 06 

0 82 

7 02 

0 113 

0 82 

3 00 


17 : 



a. 771 . 










Nov. 12 

101 

10 10-11 10 

6 07 

6 35 

0 76 

9 55 

0 113 

0.70 

3 00 


17 ' 



11 10-12 10 

7 02 

C 41 

0 80 

8 42 

0 113 

0 79 

3 00 


18 J 



p 711 . 












12 10- 1 10 

S 39 

7 90 

0 77 

8 66 

0 113 

0 70 

3 00 


23 3 



2 10- 3 10 

10 78 

8 39 

0 94 

10 43 

0 097 

0 95 

2 57 


26 4 



3 10- 4 10 

10 10 

7 79 

0 95 

9 48 

0 097 

0 97 

2 57 


24 4 



4 10- 5 10 

10 57 

8 19 

0 94 

9 00 

0 097 

0 95 

2 57 


25 1 
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table 

Dog 


Date. 

Expcr. No. 

Time. 

COj. 

Oj. 

R.Q. 

H,o. 

Urine 

N. 


Non- 
protein 
R. Q. 

Calorics. 

Protein. 

Carbo- 

hydra! 

into 

/at. 

1914 


a.m. 

fffn. 

gm. 


gm. 

gm. 





Nov. 13. . 

2 



6.59 

0.84 

13.99 

0.130 


0.85 

3.45 




p.m. 













7.21 

6.13 

0.86 

12.01 

0.130 


0.87 

3.45 




hb 

7. IS 

6.61 

0.79 

10.16 

0.130 



3.45 




a.m. 










Nov. 17. . 

3 


8.46 

7.45 

0.83 

8.73 

0.111 


0.83 

2.94 




11.54-12,54 


7.62 


8.49 

0.111 







p,m. 












12.54- 1.54 

8.27 

7.83 


7.68 

o.m 







1.54- 2.54 

8.55 


0.86 

7.54 

0.111 


eb 

2.94 




2.54- 3.54 

BSE 

8.52 

0.78 

7.77 

0.111 



2.94 




3.54- 4.54 

■ 


0.78 

8.09 

0.111 



2.94 




a.m. 










Nov. 18. . 

4 

J9IR 1 

11.31 

8.32 

0.99 

7.63 

0.118 



3.12 

0.( 



RR mfm ! 

11.08 

8.13 

0.99 

8.30 

0.118 


1.02 

3.12 

0.1 



p.m. 












12.10- 1.10 

10.98 


0.99 

8.05 

0.118 


1.02 

3.12 

0.( 



a.m. 










Nov. 19. . 

5 


11.45 

8.27 

1.01 

8.40 

0.114 


1.03 

3.02 

O.i 




11.13 

7.99 


8.78 

0.114 


1.04 

3.02 

0.] 



p.m. 














6.88 

IQ 

8.58 

0.114 


1.23 

3.02 

0.; 




7.71 

6.22 


7.49 

0.114 


0.92 

3.02 




BSi 


5.71 

1.02 

7.03 

0.114 


1.06 

3.02 

O.J 



a. VI, 










Nov. 24. . 

6 

mSESM 

7.12 


0.89 

7.34 

0.082 


0.91 

2.17 




iiBn 

6.75 

5.62 

0.87 

7.21 

0.0S2 


0.89 

2.17 




p.m. 












12.30- 1.30 

6.84 

6.22 

0.80 

6.75 

0.082 


0.80 

2.17 
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V. 


nv. 


Calories. 


Non- In- 
protein. direct. 


18.72 


22.17 


17,25 20.70 
18.51 21.96 


64.83 


Direct. 


21.87 

21.31 

20,76 

63.94 


22.05 

24.99 


22.51 

25.45 

25.76 

22.92 

25.86 

25.42 

21.42 

24.36 

24.18 

25.28 

28.22 

28.61 

28.30 

31.24 

29.13 



158.30 

25.86 



25.19 

28.38 

29,92 

24.91 

28.11 

26.49 


85.53 

84.47 

25.83 

28.98 

24.72 

24.84 



20.92 

24.72 

29.71 

18.21 

21.23 

23.65 

16.78 

19.97 



122.92 


17.66 

19.83 

19.65 

16.82 

18.91 

23.21 

20.38 

22.5; 

20.94 


61. 3i 

63.80 


Body tctnpemture. 

Hom- 

ing 

treble 

Beharior of do 

Start. 

End. 

Dif. 




Is. 


37.80 

37.68 


13.27 

Quiet 


37.69 

-FO.Ol 


it 



•fO.ll 


it 

38.19 

38.13 


13.35 

Quiet 


38.14 



tl 


38.46 



a 


38.56 

iliWl 


u 


38.68 

+0.12 


Movement 


38.75 



tt 

38.45 

38.43 


13.35 

Quiet 



+0.07 


it 


■ 



Movement 

38.56 

n 

+0.04 

13.45 

Quiet 


38.56 

-0.04 


ft 


38.58 



tt 





U 





It 

38.43 

38.17 


13.35 

Quiet 


38. 1£ 

+0.02 


tt 


38. 2S 

+0.IC 


a 


Food. 


Basal. 


100 gm. fat emulsion 
at 9.56 a.m. 


70 gm. glucose at 9.23 
a.m. 


70 gm. glucose at 9.35 
a.m. 


Basal. 














TABLE V- 
Dog 


Date. 


1914 

Nov. 27 . . 


Nov. 28. . 


Dec. 3.. 


1915 

Feb. 15.. 


Feb. IG.. 


Feb. 17.. 


d 

o 

c. 

w 

Time, 

CO:. 

0:. 

R.Q. 

H:0. 

Urine. 

N. 


Xon- 

protein. 

R.Q. 

Calorie**, 

Proscin. 

Carbo- 

hydrate 

into 

fat. 


a.7n. 

pm. 

pm. 



pm. 





7 

10.30-11.30 

S.55 


0.80 




o.so 

3.34 




S.35 

WES 

0.83 

■aim 

EIS 


0.83 

3.34 



p,7n. 













8.70 

0.76 

9.19 

0.126 


0.75 

3.84 




12.21 


0.90 

10.90 

0.126 


0.91 

3.34 




11.67 


0.95 

10.35 

0.126 


0.97 

3.34 






0.94 

9.75 

0.126 


0.95 

3.34 



a.in. 










s 


7.78 

6.18 

0.92 

6.89 

0.117 


0.94 

3.1 0 




7.94 

6.62 

0.87 

7.26 

0.117 


0.89 

3.10 



11.45-12.45 

7.79 


0.94 

6.38 

0.117 


0 97 

3.10 



p.Vl. 










9 



7.46 

0.80 

12.63 

■niiit 


o.so 

2.70 





7.51 

0.79 

11.20 



0.79 

2.70 



BhI 

7.77 

7.06 

0.80 

9.96 

jm 


0.80 

2.70 


12 

12.24- 1.24 

7.82 


O.SS 

13.40 

H 


0.90 

4.32 



1.24- 2.24 

7.48 


0.87 

11.81 



O.SS 

4.32 



2.24- 3.24 

8.36 

7.52 

0.81 

9.89 

B 


0.81 

4.32 



a. in. 
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8.24 

7.59 

0.79 





3. IS 



■WroBMnyi 

7.74 

6.86 


9.96 



0.82 

3.18 



' p.Vl. 













7.24 


8.57 



0.83 

3.18 




8.13 

7.28 

0.81 

8.29 

0.120 


0.81 

3.18 




8.26 


0.79 

7.97 

My 



3.18 


14 


7.18 

5.95 

0 88 

6.64 



0.89 

2.52 




7.13 

6.47 

0.80 

6. 98 

0.095 



2.52 




7.82 

7.41 

0.77 

G.S5 



■ 

2.52 
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CmttnwJ 

XIV. 


CaJone* 

Bod> temperature 

Mom- 

tretgbt 

Behavior of dog 

Food 

Non 

protftin 

In 

riirect 

Direci 

Swn. 

End 

Dd 







h 



20 69 

24 06 

23 81 

37 81 

37.67 

-0 14 

14.45 

Quiet 

Basal. 

20 55 

23 92 

24 14 


37 71 ■ 

f 0 04 




17 32 

20 69 

21 37 


37.70 

-0.01 


tt 



68 67 

69 32 







2S 51 

31 45 

28 80 

33.11 

38 11 

*0 00 

16 40 

Quiet 

70 gm. glucose at 9.21 

27 35 

30 35 

28 35 


38 00 

-0 11 


« 

3.m. 

25 69 

28 47 

29 31 

37 83 

37 98 

+0 15 


it 


21 13 

1 24 01 

23 69 


38 07 

+0 09 

j 

(t 


20 90 

23 68 

22 66 


38 19 

+0 12 


(( 



1137 96 

132 81 




1 



18.31 

21 12 

21 901 

37.83 

37 69 

-0 14 

14 65 

Quiet 

Basal. 

21 67 

24 48 

24 27 


37 68 

-0 01 


(t 


19 94 

22 75 

22 19 


37 79 

+0 11 


tt 



68 35 

68 38 







15 99 

27 97 

28 02 

37 96 

37 93 

-0 03 

14 65 

Quiet 

20 gm glvcocoll at 

14 81 

26 79 

1 27 36 


37 94 

+0 01 


U 

9.48 a.tn. 

16.75 

25 82 

! 24 67 


37 96 

+0 02 


ft 


18 07 

25 41 

i 23 8c 

> 

38 21 

+0 2c 


tt 


17 01 

23 17 

■ 22 35 

i 

38 11 

-0 1C 

1 

ft 


21 17 

25 03 

: 22 91 

> 

37 96 

i-0 lo 


tt 


! 

154 22 

! 149 2( 

) 






- 26.01 

30 21 

1 26 9: 

5 37 9; 

5 37 9; 

)*0 0( 

) 14 5{ 

) Quiet 

70 gm . glucose at 9.02 

j 22 61 

27 a 

) 27 3< 

5 

37 9; 

) *0 (K 

5 

tt 

a m. 

‘ 22 75 

27 0( 

3 25 7- 

! 37.7( 

! 37 71 

i*0 0( 

) 

ft 


, 18 77 

22 7; 

5 22 s: 

( 

37 7( 

3 ±0 0( 

} 

CC 



106 9( 

3 102 91 
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TABLE.V- 

Z>op 


Dntc. 


1915 

Apr. 19. 


Apr. 20. 


Apr. 21. 


Apr. 22. 


Apr. 23.. 


6 

r 

a 

■ 





Urine. 

Non- 

Caloric^. 

Time. 

COi. 

o... 

BQ. 

HiO. 

Protein 

N’. 

Amino- 

ncid 

N. 

pro- 

tein 

HQ 

Pro- 

tein. 

.\minc 

acid. 


a.7}i. 

gm. 

gm. 


gm. 

gm. 

gm. 




m 


S 60 

7.40 

0.S5 

9.59 



0.S5 

2.97 




S S3 

7.91 

0.81 

S.71 

0.112 


O.Sl 

2,97 



PM, 

12.30- 1.30 

8 43 

7.54 

O.Sl 

7.S9 

0.112 


O.Sl 

2.97 




S.S9 

7.S9 

0.S2 

7.69 

0.112 


0.S2 

2.97 




S 9S 

7.93 

0.S2 




0.S3 

2.97 



3 30- 4.30 

S.70 

S.16 

0.7S 


0.112 



2 97 



4 30- 5 30 

S 56 

7 95 


7 26 

0.112 


0.7S 

2.97 



a. 7/1. 











11 36-12 36 

7 62 

0 57 

0 S4 

10 30 

o 

o 



3.71 



p.tn, 

12 3G- 1 30 

7 5S 

6 59 

0 84 

9 35 

0 140 


0 S4 

3 71 



1 36- 2 36 

7 41 

6 51 

0 S3 

S 19 

0 140 



3.71 


22 

1 15- 2 15 

9 54 


0 SO 

9 IS 

0 095 



2 52 



2 15- 3 15 

9 99 

7 96 

0 91 

S 30 

0 095 



2 52 



3 15- 4 15 

11 97 

9 23 

0 94 

S SG 

0 095 


0 96 

2 52 



4.15- 5 15 

11 2S 


1 01 

S SG 

0 095 



2 52 



a m. 










23 


14 IS 

9 S3 

1 05 

11 35 

0 140 

(0 S2) 

1 12 

3 71 

9 17 



13 36 

9 61 

1 01 

11 SO 

0 140 

(0 S2) 


3 71 

9.17 


11 42-12 42 

11 2S 

S 3S 

0 9S 

10 So 

0 MO 

(0 5G) 


3 71 

G 20 


p.m. 

12 42- 1 42 


7 44 

1 03 

10 00 

0 140 

(0 41) 


3 71 

4 5S 


1 42- 2 42 

9 77 

7 16 

0 99 

S 52 

O 

O 

(0 30) 

1 01 

3 71 

3 35 

2‘1 


14 S7 


1 06 

14 53 


■ 

1 13 

3 71 

9 17 



15 3S 

11 44 

0 9S 

17 24 




3 71 

9 17 



11 45 

9 37 

0 S9 

15 33 




3 71 

0 26 


4 10- 5 10 

11 77 

7 70 

1 10 

12 75 

■ 

n 

1.20 

3 71 

4 5S 


•to 
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k XIV. 


Calorici 

Bod> temperature. 

Mom- 

lOg 

nreight. 


Carbo- 
irjhjdrale 
tl into 

fat 

Kon- 

protcin 

In- 

direct 

Direct 

Start. 

End 

Dif. 

Bebav ior 
of dog. 











21 96 

24 93 

23 38 

37.94 

37 89 

BIS 

14 So 

Quiet 


23 47 

26.44 

26 43 


37 92 

+0 03 


Quiet 


22 23 

25 20 

26 13 


38 09 

-f 0 17 


Quiet 


23 46 

26 43 

25 86 


38 16 

+0 07 


Slight 







■ 


move- 

ment 


23 62 

26 39 

25 37 


38 20 

+0 04 


Quiet 


24 06 

27 03 

24 30 


38 23 

+0 03 


Quiet 


23 41 

26 38 

25 42 


38 31 

+0 OS 


Quiet 



182 SO 

176 89 







IS 35 

22 06 

24 25 

37 82 

37 82 

=^0 00 

14 SO 

Quiet 


18 38 

22 09 

23 03 


37 70 

-0 12 


H 


18 06 

21 77 

23 13 


37 73 

+0 03 


tt 



05 92 

70 43 







24 90 

27 42 

28 12 

38 09 

38.14 

4-0 05 

14 85 

Quiet 


24 83 

27 35 

29 21 


38 40 

4-0 26 


U 


29 46 

31 98 

28 29 


38 36 

-0 04 


it 

15 

25 76 

28 43 

28 54 


38 36 



ft 



115 IS 

114 10 






40 

20 63 

33 91 

32 57 

as 16 

3S 31 

-f-O 15 

15 15 

Quiet 

17 

19 96 

33 01 

32 55 


38 36 

4-0 05 


« 

02 

18 69 

28 6S 

28 04 


38 21 



(( 

25 

17 17 

25 71 

27 38 


3S 10 

-0 11 


tt 

10 

17 49 

24 05 

25 64 


38 12 

4-0 02 


it 



145 90 

140 78 






45 

22 08 

35 41 

32 26 

38 IS 

38 29 

4-0 11 

15 10 

Quiet 


20 30 

39 IS 

41 18 


3S 64 

■fO 35 


Panting 

57 

21 48 
18 30 

31 45 
27 16 

32 10 
29 44 


.as 50 
3S39 

-0 14 
-0 I! 


15 min. 
Quiet 
Quiet 

— 


133 20 

134 9S 






Food- 


100 gm, fat emulsion 
at S.30 a.m. 


Basal. 


100 gm. fat emulsion 
at S.I5 a.m. 

70 gm. glucose at 
12.16 p.m. 


20 gm. gl ycocoll -r 50 
gm. glucose at 8.50 
a.m. 


100 gm. fat emulsion 
at 8.10 a.m. 

20 gm. glycocoH -f 50 
gm. glucose at 
12.10 a.m. 
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THE MINERAL EXCRETION OF THE MONKEY.* 

By L. BAUMANN and E. OVIATT. 

{From the Chemical Research Laboratory, Department o/ Internal Medicine, 
Slate University of Iowa, Iowa City.) 

(Received for publication, June 16, 1915.) 

Preliminary to the study of the mineral excretion of the dis- 
eased monkey, it was desirable to obtain normal figures for the 
same animal. These figures may possibly supplement those 
tabulated by Hunter and Givens^ for the nitrogen excretion of 
this animal. As they may be of service to future workers we 
have decided to place them on record. 

A young, apparently healthy male of the genus Macacus, weigh- 
ing 2.7 kilos, was placed in an Abderhalden metabolism cage. 
His daily ration which was quantitatively consumed consisted 
of 260 grams of a mixture of 1,000 grams of skinned bananas, 
1,275 cc. of evaporated milk, and 1,275 cc. of distilled water. 
The milk in 260 cc. of this mixture contained 1.38 grams of 
nitrogen and furnished 313 calories. 

The urine was collected in forty-eight hour periods under 
toluene and acetic acid. The cage was washed with distilled 
water and the washings were added to the urine after the deter- 
mination of the ammonia. 

The feces passed each day were gathered quantitatively and 
preserv^ed in alcohol. At the end of the experiment the feces 
for the entire period together nnth the alcohol were placed in a 
tared desiccator and dried to constant weight in vacuo at a 
water bath temperature not exceeding 55°. The desiccator was 
connected with a distilling flask and this in turn with a suction 
flask containing sulphuric acid. The nitrogen content of the dis- 
tillate and sulphuric acid was separately determined and added 
to that of the dried feces. 

» The experimental data are taken from the dissertation submitted by 
E. Oviatt as a partial requirement for the degree of Master of Science, 
State University of Iowa, Iowa City. ’ 

* Hunter, A., and Givens, M. H., Jour. Biol. Chem., 1914, xvii, 55. 
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Mineral Excretion of the Monkey 

Analytical Methods. 

Urine . — Nitrogen was determined according to Kjeldahl; am- 
monia according to Benedict and Osterberg’s^ modification of the 
Folin method; inorganic and total sulphates were determined ac- 
cording to Folin; total sulphur was determined according to Bene- 
dict; chlorine according to Clark’s modification of Dchn’s'' method; 
total phosphorus according to the method of Neumann; potas- 
sium and sodium were determined according to a method de- 
scribed in Abderhalden’s Handbuch der biochemischen Arbeits- 
methoden;® calcium and magnesium according to iMcCrudden.'' 

Food and Feces. — Nitrogen, phosphorus, potassium, and sodium 
were determined as above. Total sulphur was determined ac- 
cording to the Denis^ modification of the Benedict process after 
oxidation with fuming nitric acid. Chlorine was determined 
gravimetricallj on the aqueous extract of tlic asli. TJie ashing 
was carried out in a platinum dish in the presence of pure sodium 
carbonate. Calcium and magnesium were determined according 
to McCrudden on the dry ash. 

All the analyses were carried out in duplicate and rejected un- 
less the variations were well within the experimental error. The 
average of the duplicates was selected as the basis for calculations. 
The anal 3 '’ses arc charted in Tables I and II and these are self- 
explanatory. 

DISCUSSION. 

The animal maintained his weight throughout the experiment 
and retained 3.5 per cent of the ingested nitrogen. The average 
ammonia nitrogen forms 1.4 per cent of the total nitrogen ex- 
creted. This coincides with the average obtained bj" Hunter 
and Givens. The inorganic sulphate sulphur forms 60.9, the 
ethereal sulphate sulphur 16.9, and the unoxidized sulphur 22.2 

’ Benedict, S. R., and Osterberg, E., Biochem. BidL, 1913, iii, 41. 

< Clark, S., in Hawk, P. B., Practical Physiological Chemistry, 3rd 
edition, Philadelphia, 1910, p. 3SS. 

® Baumann, L., Handb. d. biochem. Arbcilsmclhodcn, 1912, vi, 291. An 
omission has occurred on pilgc 292, line 16 from the bottom. A few drops 
of dilute hydrochloric acid should be added before volatilization of the 
ammonium salts. 

® McCrudden, F. H., Jour. Biol. Chem., 1909-10, vii, S3. 

■ Denis, W., ibid., 1910-11, viii, 401. 
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per cent of the total urinary sulphur as compared with 87.8, 6.8, 
and 5.1 per cent respectively, for man.® 

The chlorine was almost entirely excreted by the kidneys. 98 
per cent of the phosphorus, approximately 80 per cent of the 
calcium and magnesium, and 25 per cent of the sodium and 
potassium was found in the feces. 

* Folin, 0., Am. Jour. Physiol., 1905, xiii, 62. 
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ON THE ORIGIN OF CREATINE.^ 

Bt L. BAIIMAXN Asn J, ^BARKER. 

{From the Laboratories oj the Departmenls of Physiology and Internal 
Medicine, State University of Iowa, Iowa City.) 

(Received for publication, June 12, 1915.) 

The search for possible precursors of creatine has always led 
to a consideration of substances containing the guanidine radicle, 
as arginine and glycocyamine, or methylamino groups, as sarco- 
sine, betaine, and choline. 

Van Hoogenhuyze and Yerploegh- found no increase in the 
elimination of creatinine, after the ingestion of proteins relatively 
rich in arginine. Jaf[6’ did not observe an increase in the uri- 
nary creatinine after the injection of arginine into rabbits. 
Thompson* found that the bulk (73 to 96 per cent) of the admin- 
istered arginine nitrogen appears as urea in the urine. Inouye,^ 
however, believes that an increase in creatine occurs when ar^n- 
ine is added to cat liver or is perfused through the organ. 

The present investigation was concerned with possible crea- 
tine formation resulting from the action of voluntary muscle on 
arginine and metbylureidoacetic acid. The conversion of argi- 
nine into creatine would probably involve a deamination, oxida- 
tion, and methylation of the base. 

NHj NHj 

I , I 

C=NH C=KH 

I I 

HN•CH^■CHi■CHi^CH(^^ H;)COOH CH^'-CHj-COOH 

* The experimental data are taken from a dissertation submitted by J. 
Marker for the degree of Master of Science, State University of Iowa, 
Iowa City. 

- Van Hoogenhuyze, C. J. C., and Verploegh, H., Ztschr. f. physiol. 
Chcm., 1905, xlvi, 415. 

’ Jaff5, M., ibid., 1906, xlviii, 430. 

* Thompson, W. H., Jour. Physiol., 1905, xxxii, 137; 1905-06. xx.-dii, 106. 

* Inouye, K., Ztschr. f. physiol. Chem., 1912, Ixxxi, 71. 
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Origin of Creatine 


Methylureidoacetic acid has not been found in animal tissues, 
but recently Ackermann® demonstrated the presence of its an- 
hydride iV-methylhydantoin among the putrefaction products of 
creatinine. The transformation of methylureidoacetic into meth- 
ylguanidinoacetic acid would be effected by substitution of the 
keto oxygen by the imino group. This might possibly occur in 
vivo by reaction of the oxygen atom with ammonia. 


NH; NHs 

I I 

C=ib + H. NH = C=NH-fHiO 

I ■ I 

CHs-N-CH.-COOH CHaNCHfCOOH 


The substances under investigation were placed in contact 
with hashed muscle and perfused through this tissue. 


EXPERIMENTAL DATA AND RESULTS. 

The arginine was obtained from edestin by the method of Kosscl and 
Kutscher.^ The pure copper nitrate salt was converted into the carbonate 
and this was used in our experiments. 

The methylureidoacetic acid was prepared from sarcosine and urea* and 
employed as the sodium or ammonium salt. 

Muscle creatine was determined according to Baumann,* and the crea- 
tine in the blood and perfusates by an adaptation of this method. 25 cc. 
of blood or perfusate are boiled for three hours under reflux with 62 cc. of 
5 N sulphuric acid. The filtrate is diluted to 150 cc. 10 cc. are pipetted 
into a 50 cc. volumetric flask and exactly neutralized with 2.5 n sodium hy- 
drate solution (litmus paper). About 7.9 cc. of alkali are required for this 
purpose. The solution is brought to the mark by the addition of 30 cc. 
of saturated picric acid and water. 25 cc. of the clear filtrate arc emploj'cd 
for the creatinine determination. The standard contains 0.1 mg. of creat- 
inine in 5 cc. of solution; this was diluted with 15 cc. of saturated picric 
acid and 5 cc. of water. 1.25 cc. of 2.5 normal alkali are added to both the 
standard and the unknonm, and ten minutes allowed for the color to develop. 

The water content of the muscle was determined by noting the loss after 
drying to constant weight in vacuo over concentrated sulphuric acid and 
phosphorus pentoxide at room temperature. The nitrogen was determined 
in 5 cc. of the muscle extract according to Kjeldahl. 

* Ackermann, D., Ztschr. f. Biol., 1913, Ixii, 20S; 1913, Ixiii, 78. 

* Kosscl, A., and Kutscher, F., Ztschr. f. physiol. Chem., 1900-01, xxxi, 
165. 

* Baumann, L., Jour. Biol. Chem., 1915, xxi, 563. 

* Baumann, ibid., 1914, xvii, 15. 
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L. Baumann and J. Marker 

Experiment A.— This experiment is representative of a series of similar 
ones 25 gm. of hashed muscle, 25 cc. of defibrinated blood, and 10 cc. of 
toluene were placed in each of four flasks. Flask 3 contained m addition 
1 gm. of ar^nine carbonate and Flask 4 1 gm. of methylureidoacetic acid 
neutralized with sodium hydroxide solution. Creatine determinations 
were made on the contents ofFlask 1 immediately, and on the contents^of 
Flasks 2, 3, and 4 at the end of approximately twenty-four hours at 37°. 
The muscle and blood were obtained from a dog just prior to the experi- 
ment. The absence of bacterial growth was demonstrated by smears and 
cultures. 

Flask l(Control)- 2(Control). 3(Arginine). 4(aiethylurei- 

doacetic acid). 

Creatine 

content 61 mg. 66 mg. 66 mg. 112-50 = 62 mg. 

A previous trial showed that 1 gram of methylureidoacetic acid 
when subjected to the process employed for the determination of 
creatine in muscle produced a color equivalent to 50 mg. of crea- 
tine. Perfusion of the limb seemed to offer more nearly physio- 
logical conditions for studying the behavior of muscle tissue to- 
wards the substances in question, and an apparatus was con- 
structed for this purpose. This apparatus is patterned after one 
which Brodie"' has described. 

The technique of perfusion was ns follows; A dog was anesthetized and 
prepared for operation. The femoral vessels of one leg and the carotid 
artery were exposed, a cannula was inserted into the latter, and the dog 
was exsanguinated. The blood is defibrinated and filtered througb cheese- 
cloth. A measured quantity of the blood and a known volume of 0.9 per 
cent sodium chloride containing the saibstance to be perfused are well 
mixed. A tourniquet is placed about the limb above the point of exposure 
of the femoral vessels to prevent loss of fluid through the collateral vessels. 
The femoral vessels are then tied off and cannulas inserted. Ringer’s 
solution is now perfused for a short time until the fluid returns fairly color- 
less ; this removes traces of blood which might give rise to clots and so in- 
terfere with the subsequent circulation of the perfusate. The perfusate is 
then placed in the receiving bottle at once and the apparatus started. 
The volume of the perfusate in our experiments was usually 150 cc., but a 
smaller quantity may be emplos'ed. An incandescent lamp placed under 
the limb and a reflector above it help to supply the necessary warmth 
to the parts. The perfusate was supplied to the limb at a temperature of 
37°, This was accomplished by immersing both the receiving and pressure 


“ Brodie, T., Jour. Physiol., 1903, xxix, 266. 
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bottles in a constant temperature bath. A liberal suppl}- of o.\ygen was 
bubbled through the fluid, so that the blood to the limb was a bright red, 
whereas the “venous” blood was colored purplish. The pressure of the 
perfusate fluctuated between SO and 140 mm. of mercurj'. 

Experiment Q.— The right hind leg of a dog weighing 5 kilos was per- 
fused for one and a half hours with a mixture of 100 cc. of his own defibri- 
nated blood and 50 cc. of 0.9 per cent sodium chloride solution containing 
2 gm. of methj’lureidoacetic acid neutralized with ammonia. The pres- 
sure of the perfusate fluctuated between SO and 100 mm. 95 cc. of fluid were 
regained. The semi-membranosus, tibialis anticus, and gastrocnemius 
muscles were removed from both sides and hashed immediately. 50 gm. 
samples were analj'zed for creatine, and from 1 to 2 gm. served for the 
water determination. Creatine was also determined in the blood and 
perfusate. Nitrogen was determined in the muscle extract. 



Creatine. 

Water. 

Extractive 

nitroRcn. 


mff. 

per cent 

gm. 

50 gm. of unperfused muscle 

124 

70.98 

1.61 

50 " " perfused “ 

.... lOS 

74.88 

1.498 

1 gm. of dry unperfused muscle 

.... 8.54 


0.1109 

1 “ “ “ perfused “ 

S.60 


0.1192 

100 cc. of defibrinated blood 

.... 9.7 


95 “ “ perfusate 

.... 32.6 




Experiment R . — dog weighing 7 kilos was prepared as above for per- 
fusion of the right ’hind limb. A mixture of 125 cc. of defibrinated blood 
and 25 cc. of 0.9 per cent sodium chloride solution containing 2 gm. of ar- 
ginine carbonate was perfused for 1 hour and SO minutes. SI cc. of fluid 
were recovered. For analysis the hamstring, tibialis anticus, and gastro- 
cnemius muscles were taken. 



Creatine. 

Water. 

Evtractive 

nitroRen. 


mg. 

per cent 

gm. 

50 gm. of unperfused muscle 

116 

64.26 

1.274 

50 “ “ perfused “ 

.... 90 

72.57 

1.063 

1 gm. of dry unperfused muscle 

.... 6.49 


0.0713 

1 “ " “ perfused “ 

.... 6.56 


0.0775 

125 cc. of defibrinated blood 

81 “ “ perfusate 

.... 16.8 
.... 9.1 




Experiment S . — The right hind leg of a dog weighing 19 kilos was per- 
fused for 1 hour and 15 minutes with a mixture of 150 cc. of his own de- 
fibrinated blood, 1.56 gm. of acid potassium phosphate, 2 gm. of arginine 
carbonate, and 30 cc. of 0.9 per cent sodium chloride solution. The pres- 
sure during the perfusion ranged from 120 to 140 mm. 200 cc. of fluid were 
recovered. The muscles of the entire leg from both sides were removed 
for analj’sis. 
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Creatine. 


mg. 

oO gm. of unperfused muscle 129 

50 “ “ perfused “ 127 

1 gm. of dry unperfused muscle 10.5 

1 “ “ “ perfused “ 10.5 

1.50 cc. of defibrinated blood 20.2 

200 “ “ perfusate 24.4 


E-itrectivc 
Water. nitrogeti. 

f.rr cent gm. 

75.36 1.500 

75.82 1.5C0 

0.1217 
0.1240 


DISCUSSION AND CONCLUSIONS. 

The increase in the creatine content of the perfusate in Experi- 
ment Q is probably due to the presence of A’'-methylhydantoin 
formed from the ureido acid by heating with sulphuric acid. 
None of the experiments show a decided increase in the creatine 
content of the perfused muscle or of the perfusate. 

We conclude that neither arginine nor methylureidoacetic 
acid, under the experimental conditions outlined above, gives rise 
to an appreciable increase in muscle creatine. 


In closing we wash to express our indebtedness to Prof. J. 
McClintock, for his ad5’ice and assistance. 




THE USE OF ALUMINIUM HYDROXIDE CREAM FOR 

THE REMOVAL OF ALBUMIN IN NITROGEN 
PARTITION IN URINARY ANALYSIS. 

By GROVER TRACY anb WILLIAM H. WELKER. 

{From the Laboratory of Physiological Chemistry, College of Medicine, 
University of Illinois, Chicago.) 

(Received for publication, April 22, 1915.) 

For nitrogen partition in specimens of urine containing albumin 
it is necessary to remove this protein before proceeding with the 
analysis. The albumin interferes directly or indirectly with the 
application of several of the methods employed. It is usually 
removed by coagulation and filtration. This method is tedious 
because of the time element involved in restoring the original 
concentration of the urine. With relatively high percentages of 
albumin, the coagulation and quantitative removal of the same ' 
are readily carried out. With small percentages of albmnin, this 
becomes difiicult and it is sometimes impossible to get rid of a 
more or less marked opalescence due to some of the albumin which 
did not flocculate out of the solution. 

Marshall and Welker* recently pointed out that aluminium 
hydroxide cream prepared under certain conditions has the 
power of quantitatively removing colloids from their solutions. 
If this insoluble material when added to urine would remove all 
the colloids, and only the colloids, it might prove a valuable 
reagent for the removal of the albumin. 

This investigation was undertaken to study the effect of alu- 
minium cream on normal and albuminous urine as far as the 
nitrogenous constituents were concerned. 

The aluminium cream was prepared bj’- adding a slight excess 
of a 1 per cent solution of ammonium hydroxide to a 1 per cent 
solution of ammonium almn, at room temperature. The pre- 
cipitated cream was washed by decantation xmtil the wash water 

* Marshall, J., and Welker, W. H., Jour. Am. Chem. Soc., 1913, xxxv, 820. 
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showed only the faintest trace of residue on evaporation. It is 
important that relativelj^ dilute solutions be used in making the 
aluminium cream. Stronger solutions give a precipitate which 
docs not have the power to precipitate colloids to any marked 
degree. 

A mixed specimen of normal urine was obtained. One liter of 
the same was diluted to two liters with distilled water and filtered. 
This is designated as the untreated specimen. 'Another liter of 
the nonnal urine was treated with a Hter of aluminium cream, well 
mixed, and filtered. The following quantitative methods were 
used : the Kjeldahl method for total nitrogen, the Benedict method 
for urea, the Folin methods for ammonia and creatinine, the Folin- 
Shaffer anethod for uric acid, and the Welker modification of 


TABLE I. 




Total 

Nitrogen of 


Specimen. 

nitro- 

gcn. 

Am- 

monia. 

Urea. 

Uric 

acid. 





gm. 

gm. 

em. 

gm. 

gm. 

Om. 

I 

Untreated 



0.063 


0.256 

I 

Al-treated 

4.974 



0.067 



II 

Untreated 

6IWC1 


3.772 

0.068 

Qu'l 

0.256 

II 

Al-trcatod 

wm 

H ^ 

3.722 

0.066 

QR' ' 

0.255 

III 

Untreated 

3.874 

m |l 

3.189 

0.047 

Qu! ' 

0.173 

III 

Al-treated 

3.857 

III 

3.176 

0.044 

■El 

0.174 


Salkowski-Arnstein methods for purine bases. Three pairs of 
filtrates were analyzed. The results of these analyses, expressed 
in grams per liter of diluted urine, are shown in Table I. 

The results for total nitrogen show that none of the nitrogen 
of normal urine was removed by aluminium cream. The various 
methods were carried out for the different nitrogen fractions in 
spite of these findings, because it was desirable to know that no 
change had been effected in the urine that would interfere with the 
application of any of the different methods. We observed only 
one interference. The ammonium urate in the uric acid determi- 
nation does not crystallize out as rapidlj'' from the aluminium- 
treated urine as it does from the untreated urine. This is prob- 
ably due to the lack of crystallization points in the former. The 
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figures in the tables are in aU cases the averages of two or more 
closely agreeing determinations. The absolute differences between 
the amounts of nitrogen in the treated and untreated specimens 
are within the limits of error of the methods emplo}^ed. 

In the case of albuminous urines, our procedure was a little 
different. 900 cc. of urine were mixed with 100 cc. of an albumin 
solution, and these with one liter of aluminium cream. The 
other sample was made up of 900 cc. of urine and 1,100 cc. of water. 
The filtrates from the albuminous urines were tested for albumin 
and the tests were negative. The results of these analyses, ex- 
pressed in grams per liter of diluted urine, are shown in Table II. 


T.VBLE II. 




1 

Total j 

XitTOgen ot 



Specimen, 

nilTO- j 
gen. ! Ajn- 
I jinonia. 

Urea. 

Uric 

acid. 

Purine 

base. 

Creati- 

nine. 



gtn. gm. 

gm. 

pm. 

gm. 

gm. 

IV 

Untreated 

4.872 1 0.288 

3 897 

0.070 

0.027 

0.263 

IV 

0.5 per cent albumin. 







.M-treated 

4.886 ' 0.283 

3.876 


■wwa 

0.266 

V 

Untreated 

3 078 ' 0.188 

2.500' 

*0.066 

1 

0.177 

V 

1 per cent albumin. 

' 






Al-treated 

3.078 0.165 

2.535 



0.177 


* These figures include uric acid and purine base nitrogen. 


A study of the precipitating power of a number of different 
aluminium cream preparations on hand gave results which would 
indicate that an equal volume of cream will remove all the albu- 
min from urines containing 1 per cent or less of the protein. 

Samples from a number of different aluminium cream prepara- 
tions, when evaporated to dryness on the steam bath and ignited 
to constant weight before the blast lamp, showed an aluminium 
oxide content varjdng between 0.45 and 0.6 per cent. 

The results of our experiments show: 

I. That aluminium cream does not remove any appreciable 
quantity of nitrogen from normal urine. 

II. That aluminium cream can be used for the removal of small 
quantities of albumin from urine without any appreciable effect 
on the normal nitrogenous constituents. 







ON THE FORMATION OF SPECIFIC PROTEOLYTIC FER- 
MENTS IN RESPONSE TO THE PARENTERAL 
INTRODUCTION OF FOREIGN PROTEIN. 

By ALONZO E. TAYLOR aot FLORENCE HULTON. 

(From Ihe Department of Physiological Chemistry, University of Penn- 
sylvania, Philadelphia.) 

(Received for publication, June 9, 1915.) 

The theory of Abderhalden, now particularly under discussion 
as the foundation for specific diagnosis of pregnancy and malig- 
nant neoplasm, predicates in general terms the formation of 
proteolytic enzymes in response to the parenteral introduction of 
foreign proteins. Under the terms of this hj-pothesis, it is imma- 
terial if the protein be foreign in the total sense — derived from 
another species — or foreign in the narrower sense of being a pro- 
tein of the same body but displaced in the body, as in the case 
of placental cells distributed through the general circulation. 
Most of the methods of testing the occurrence of the Abderhalden 
reaction are more or less minutely microchemical. Bj' the use 
of prepared and purified foreign proteins it is possible to apply 
the test in a macrochemical manner. In this waj' it is believed 
that many of the difficulties of the microchemical investigations 
may be eliminated and the results placed upon a more interpretable 
and indubitable basis. The present paper contains the results 
obtained in the studj' of one protein; other investigations are to 
follow. 

The protein employed in this study was the protamine of the 
Quinnat salmon of the Pacific Coast. This protein may be pre- 
pared in a state of high purity, without denaturation. We have 
used the sulphate of salmin. This protein when mixed with the 
blood serum of the animal used, the rabbit, forms a colloidal 
combination only in part soluble in the same serum. A portion 
of this bicolloidal combination flocculates as a coarse agglutina- 
tion; a portion remains in solution. Apparently there is a sta- 
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tion of equilibrium; the amount of the combination that separates 
out ma}'- be increased or decreased by dilution, addition of more 
protamine or of more of the serum proteins. On boiling, this 
combination is split, the coagulable proteins of the serum are 
coagulated at the appropriate reaction, while the protamine, 
apart from a small amount held by adsorption in the coagulated 
protein, remains in solution in the fluid. This precipitation' of 
higher proteins by protamines, obseiwed by the earliest students 
of protamines, is probably related to the toxicity of protamines. 
For the rabbit, this toxicity becomes marked if much more than 
0.1 gram be injected per kilo of weight of animal. 

The cleavage of protamine 3 delds arginine, proline, serine, and 
valine, the arginine in the proportion of over 85 per cent. Under 
these circumstances, one would be able to confirm in a qualita- 
tive manner any noteworthy digestion of the protamine revealed 
by quantitative analysis. The normal trypsin of blood serum 
digests protamine, slowly but yet demonstrably, in a twenty-four 
hour test. If, therefore, an animal, following injections of pro- 
tamine, should display in its circulation blood an added power of 
digestion of the protamine, this might be due to increase of the 
normal tiypsin of the blood, of non-specific type, or to the forma- 
tion of a specific protaminolytic ferment, or possibly to the removal 
of some antitrj'-ptic substance from the blood. 

Two rabbits were given three injections of protamine, at inter- 
vals of ten days. Each rabbit received 100 mg. per kilo, dissolved 
in Ringer’s solution. Such a solution is slightly acid, but it was 
injected in that state. The rabbits displayed no signs of in- 
toxication or injury. One week after the last injection the rab- 
bits were etherized, bled to death, and for control a normal rab- 
bit was bled to death in a similar manner. The blood from each 
rabbit, amounting in each instance to between 50 and 55 cc., 
was kept from clotting hy stirring, placed in flasks, protamine 
solution containing 0.65 gram of protamine added, then alkali 
enough (as previously determined) to make the final reaction 
about one ten-thousandth normal, covered with toluene and in- 
cubated for twenty-four hours at 38°. The content of each flask 
was then heated to the boiling point, the blood protein coagulated 
b,v appropriate addition of acetic acid, the coagulated protein 
'removed bj’- filtration, and the clear filtrate concentrated on the 
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hot plate at 70° to about 40 cc. This small concentrate was 
then mixed with nine volumes of absolute alcohol, which precipi- 
tated the protamine and any traces of protein that may have 
remained, the amino-acids remaining in solution. Portions of this 
alcoholic filtrate were then subjected to the Kjeldabl test for 
nitrogen. Had the injections of the protamine provoked the 
formation of a specific protaminolytic ti^-psin, or augmented the 
amount of circulating trjTJsin of normal tjTJe, a larger digestion 
should have occurred in the bloods of the test animals than in 
the blood of the control, and the nitrogen contents -n^uld have 
jdelded the direct e^ddence of this. This was, however, not the 
case; the nitrogen contents of the three filtrates were about the 
same. Calculated for the total mass of filtrate, the results were 
as follows: 

Control. Test Animal 1. Test Animal 2 . 

0-04S 0.039 0.042 

That the blood of the control animal contained the highest 
value, was of course only a coincidence. The correct interpreta- 
tion is that the nitrogen content in all was merely the e.xpression 
of the usual content of non-protein nitrogen of blood, plus the 
amino-nitrogen set free by the usual digestion of protapiine by 
the blood of the normal rabbit. 

This negative result demonstrates merely that the rabbit does 
not form a protective ferment in response to the injection of the 
particular protein, protamine of the salmon. The hj-pothesis of 
Abderhalden has suffered from dogmatic generalization; the nega- 
tive result should not be thus abused. This result does not prove 
that a protective ferment is not formed in response to the incor- 
poration of placental protein. But it does indicate definitely 
that the dogmatic statement that the body responds with pro- 
tective ferments to the injection of foreign proteins as a class 
reaction cannot be maintained. 




ON THE ESTIMATION OF NON-PROTEIN NITROGEN 
AND GLUCOSE IN FINGER BLOOD. 

By ALONZO E. TAYLOR and FLORENCE HULTON. 

(From (he Departmenl oj Physiological Chemistry, University of 
Pennsylvania, Philadelphia.) 

(Received for publication, June 9, 1915.) 

A modification of the Folin method for the estimation of non- 
protein nitrogen that would make it applicable to a small amount of 
blood dratvn from the finger would serve a useful purpose in many 
experimental and clinical studies. It is sometimes not possible to 
secure permission to enter the vein for blood; and frequently it 
is not possible to draw blood from the vein as often as might be 
desired. The following modification of the Folin method jields 
approximate results with the use of a few drops of blood taken 
from the finger. It is based upon the suggestion several times 
advanced,* that the oxidized blood be Nesslerized directly, with- 
out driving over the ammonia. 

The finger is cleaned and a strip of bandage or handkerchief 
tied above the elbow to increase the venous pressure in the hand. 
The finger is then pricked ndth a sharp lance, just as in the method 
of securing blood for counting the corpuscles. The blood should 
drop freely when the hand is held down. Four to eight drops are 
needed, depending upon the amount of non-protein nitrogen; in 
terms of weight, we use from 0.2 to 0.5 gram of blood. In a small 
Erlenmej'er flask are placed 10 cc. of absolute alcohol-ether in the 
proportions of 3 : 1, This is weighed just before being used. The 
dropping blood is caught in this flask, the stopper inserted, and 
the flask again weighed. We have tried many methods and sub- 
stances for deproteinization of the bloody and have found this 
simple mi.xture of alcohol and ether to give the best results. 
Within a half hour, the mi.xture may be filtered into the digestion 
flask. The filtrate is clear; it is practically free of protein ; although 

' Comp.are GuUck. A., Jour. Biol. Chcm., 1914, xviii, 541. 
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it probably contains traces of nitrogen-containing lipoids. The 
Kjeldalil digestion is carried out in a 25 cc. long necked, round 
bottomed Kjeldahl flask, the neck having a crook near the top. 
The mixture is filtered directl}'- into the digestion flask, and the 
filter paper washed with 5 cc. of the alcohol-ether. Then a small 
piece of acid potassium sulphate is added, and several glass beads, 
and the alcohol-ether is driven off by heating on a hot plate. 
When the flask is practicallj’- dry, 1 cc. of strong sulphuric acid is 
added, and not over 300 or 400 mg. of potassium sulphate. Then 
the flask is placed over the direct flame of a small burner, the 
flask resting upon an asbestos board that has a perforation just a 
little smaller than the diameter of the circle of 1 cc. of sulphuric 
acid in the digestion flask. It is then heated until the contents 
are colorless. The digestion fluid is now transferred to a 100 cc. 
flask, the sulphuric acid neutralized by the addition of about 3 
cc. of a 30 per cent sodium hydroxide solution, the flask filled to 
over three-quarters full and then 5 cc. of Winkler’s modification 
of Nessler’s fluid are poured in, and the flask is filled to the mark 
with water. The color of this unknown is compared in a Duboscq 
colorimeter with the color of a standard, containing in the 100 cc. 
flask 2 cc. of an ammonium sulphate solution, of which 2 cc. 
contain 0.0002 gram N. 

A number of points require amplification. The flask is shaken 
after each drop of blood falls into the alcohol-ether. The filtrate 
must be entirely clear. Duplicates must always be done. Blanks 
must be done with each set of reagents, to demonstrate freedom 
from ammonia. The digestion is rather slow, on account of the 
absence of any catalyser. We have not been able to find any cata- 
lyser that does not later cloud the Nessler test or change the 
color. No more than the denominated amount of potassium 
sulphate can be used, on account of danger of clouding the Nessler 
test. The glass beads must be free of lead. The amount of 
alkali added should about equal the sulphuric acid remaining in 
the digestion flask, as alteration in alkalinity of the diluted fluid 
is apt to cloud the Nessler test. The final solution to be com- 
pared for color must be absolutely clear; if in the least cloudy, 
too high results will be secured. If the blood be high in nitrogen, 
over 0.075 per 100 cc. of blood, the digestion residue should be 
diluted in a 200 cc. flask. The water used in dilution must be 
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free of ammonia. The flasks used for dilution should have their 
marks calibrated or certified flasks should be obtained. Oc- 
casionally, ■without apparent cause, the Kessler test clouds and 
cannot be used; usually one obtains perfectly clear solutions if 
an excess of ammonia is not present. 

The solution of ammonium sulphate is measured ■with a 2 cc. 
Ostwald pipette. Recently Bock and Benedict^ have criticized 
these pipettes, stating that with their use an error of as high as 1 
per cent or more may be committed. This does not agree at all 
with the experience of one of us (T.) who has often employed 
these pipettes in physicochemical work that made their calibration 
and exact control necessary. The statements of Bock and Bene- 
dict do not agree with the current statements in the technical 
literature. For example, in the 1910 edition of the Ostwald- 
Luther Hand- und Hilfsbuch, on page 169 are given, as an illus- 
tration of the eveimess of sampling ■with these pipettes, four 
successive weighings, whose mean variations are less than one- 
tenth of the degree of error claimed by Bock and Benedict. 

Four samples of blood of normal men gave the follo^wing figures 
in grams of non-protein nitrogen per 100 cc. of blood: 0.023; 
0.029; 0.026; 0.030. The blood of five normal women gave for 
100 cc.: 0.027 ; 0.019; 0.024; 0.027; 0.023. These figxires corre- 
spond with those obtained with the ori^al Folin method. The 
following figures ■rt^ere obtained in analyses of blood of patients in 
the University Hospital, controlled by estimations of venous blood 
done according to the Folin method by Dr. L. Jonas. 


Non-Protcin nitrogen. 

Method o5 Fohn, Method o{ authors. 
pm.perJOOrc. gm.pfr JOOee. 

0 028 0.027 

0.046 0.045 


0.056 0.052 


0.028 0.026 

0.020 0.019 

0.023 0.022 


rson-proteimiitTogcn. 

Method of FoUn. Method of authors. 
Om.pcr tOOee, gm.per lOOcc, 


0.077 0.071 
0.0S7 0.088 
0.074 0.075 
0.057 0.046 
0.049 0.039 
0.031 0.034 


Apart from two estimations, the agreements are satisfactorj*. 
The agreements are most satisfactory when several duplicates are 
used, and as the above figures are the mean of two or three du- 


» Bock, J. C., and Benedict, S. K., Jour. SioL Cftem., 1915, xx, 47. 
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plicates, the figures as stated are better than are the results of 
single estimations. The duplicates do not agree as closely as in 
the case of the original Folin method, being sometimes 3 to 5 mg. 
apart. Under these circumstances, the method yields only a 
good approximation, and when the figures are tabulated it would 
be best to round the figures into even decimals and fives of mg. 
in the 100 cc. of blood. The method is not adapted to measure 
small variations in the non-protein nitrogen under experimental 
conditions. But it is adapted to follow the ups and downs of a 
case of nephritis or an experiment from day to da}’-, since the fig- 
ures expressed in round numbers will still fulfill all clinical and 
many experimental desiderata. The highest figure we have 
noted with the use of this method was 0.151, in a case of poison- 
ing with corrosive sublimate. 

The Bang method for the microchemical estimation of glucose 
in the blood drawn from the finger is being widely used, and vnW 
yield satisfactory results if carefully employed. It is also capable 
of yielding aberrant results if not carried out in an invariable and 
rigid manner. During the past two years many estimations of 
glucose have been made in this laboratory with this method, and 
a great many control tests have been done, in order that the 
limitations and requirements of the method might be fixed. The 
results are presented in a summarized form, familiarity with the 
technique of the original method of Bang being presupposed. 

(a) Wlienevei’ a fresh set of papers or reagents is taken in 
hand, the method is to be checked up on Icnown solutions of pure 
d-glucose, controlled by gravimetric and polariscopic estimations. 
The sugar solution is to be dropped on the filter papers, and the 
latter carried through all the steps of the method. Such tests 
indicate that when applied to a sugar solution corresponding to 
0.100 gram of glucose in 100 cc. of blood, the original Bang method 
3 ’-ields a deficit — from 10 to 30 per cent low figures being obtained. 
With increasing amounts of sugar the loss becomes less until 
there is little loss with a solution of a strength corresponding to 
0.200 per 100 cc. of blood. Such check tests should be done from 
time to time on stock solutions. 

(b) A blank check must be done on the reagents each day that 
an estimation is done. Since the figure for the blank for the re- 
agents is to be subtracted, it is important to know how the blanks 
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are running, since they are subject to considerable variation. In 
a controlled series of twenty-three estimations, the foUowmg 
blanks were obtained, in terms of cc. of hundredth normal iodine 
solution; 

Five times. 

Four times 

Twice 

Once 

Twice 

Twice 

With such variations in the blank (and these we have fre- 
quently found), it will not do to make an average of a series of 
blanks and use the same average subtraction in each estimation. 
A blank should be done each da}' that the method is used. 

(c) Glucose is not the only reducing substance in the blood. 
Under normal conditions, the non-glucose reducing substances in 
the blood probably do not amount to more than the equal of 0.05 
cc. of the iodine solution. It is optional whether one adds to 
the blank a fixed sum to allow for the uric acid and creatinine 
(say 0.08 cc.) or disregards it; in the one case the figures will be 
slightly but uniformly higher, in the other lower. In pathologi- 
cal instances of retention of excessive amounts of uric acid and 
creatinine, such retention might occasion a large error and lead 
to the suggestion of a hyperglycemia that did not actually exist. 

(d) The blood must flow freely from the finger and must spread 
smoothly on the papers. The amount of blood must be fairly 
constant, not under 0.10 and not over 0.15 gram for each paper. 
Slight pressure about the elbow gives free dropping of blood 
from the finger without influence on the sugar content. 

(e) The proteins must be completely removed, since they in- 
fluence the processes of reduction and also obscure the end-point 
in titration. We have found the heating of the blood-impreg- 
nated papers in the hot-air oven at 100°, as recommended by 
Gardner and IMcLean,’ to be the only certain and satisfactor}' 
method of coagulation of the proteins. If the corks are inverted, 
three to five minutes’ heating is sufficient; if the corks are 
alloned to remain in the flasks, fifteen minutes are necessarv. 

’ Gardner, A. D., and McLean, H., Biochem. Jour., 1914, viii, 391. 
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/ 

After proper heating, the protein is completely coagulated and it 
is never necessary to filter the KCl extract. 

(f) The time of boiling. We have not been able, in the tests 
where the blood is heated in the hot-air oven, to titrate the full 
amount of a known solution of sugar with less than four minutes 
of boding to secure complete reduction. The stream of CO 2 
should be vigbrous throughout. 

(g) The error in titration is considerable, even with the best 
reagents and most carefully prepared solutions. One has but to 
make a series of estimations of one known sugar solution to real- 
ize this. We use certified burettes, 1 cc. divided into hundredths. 
The smallest drop of the titration solution is about 0.02 cc. This 
is the smallest plus or minus error possible. One might use two- 
hundredth normal iodine solution, but one loses in distinctness 
of end-point in titration as much as one gains in volume measure- 
ment in the burette. 

(h) The iodine solution must be fresh each day and must be 
checked each day. 

(i) The larger the number of duplicates, the better the results. 
Two are the minimum, and these cannot be trusted unless they 
agree quite closely. Often one paper will give an aberrant result 
and this must be rejected. Therefore it is safest to have at least 
three samples, and if one is wide and the other two check, the 
mean of the two that agree should be the figure given, not the 
mean of the three. The insistence, in the literature, upon num- 
erous duplicates indicates how frequent are variant results. 

When all these possible and actual variations are checked up, 
as is the fashion in physicochemical investigations, and the re- 
sults expressed in a plus or minus error, it is clear that this can- 
not, under the best of conditions, be less than 0.005 glucose in 
the 100 cc. of blood. In other words, if one obtains in a given 
analysis the figure of 0.085 glucose in the 100 cc. of blood, one 
could not be certain that it was not either 0.080 or 0.090. Under 
these circumstances, it would be best to use only the round figure 
and not split the tens at all. Instead of expressing glucose con- 
centration in terms of percentage or in the ten thousand, it would 
be much better, in analogy with the figures for the non-protein 
nitrogen, to express the figures in grams per 100 cc. of blood; 
and the figures are indeed of the same general order of magnitude 
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The variations in the glucose content of the blood are in two 
directions in normal indmduals; variations between persons and 
variations at different times in the same individual. The exten- 
sive data in the literature and our own experience lead us to con- 
clude that in different 'normal indimduals the blood sugar may 
varj^ from 0.050 to 0.150 in the 100 co. of blood. Not less marked 
are the variations in the same individual, and this independent 
of variations in diet. The following figures were determined on 
different days, for a normal man, in blood drawn at 3.30, after 
luncheon taken at 12.30, the luncheon consisting each day of the 
same food, a constant weight of cinnamon roll with a quart of 
buttermilk. The figures are given in grams of glucose to 100 cc. 
of blood. 0.090; 0.110; 0.070; 0.110; 0.060; 0.050; 0.040; 0.070; 
0.070; 0.100; 0.060; 0.110; 0.060; 0.050; 0.040; 0.060; 0.060; 0.040. 
Obviously, it would not be proper to take the mean of these many 
estimations, which happens to be 0.070, and state that the nor- 
mal sugar content of this blood was 0.070 in the 100 cc. All the 
figures are normal for this individual. Such variations are very 
common. Under these circumstances, it is entirely improper 
to fix the figures for the blood sugar as rigidly as is being done 
in the Uterature. We may later learn that certain tjTes of indi- 
viduals and certain phases of metabolism incline to the figure of 
0.050 or to the upper figure. We have learned how fluctuating, 
within a short time, are the figures for non-prote’n nitrogen, de- 
pending upon conditions in the intake and elimination of nitro- 
genous substances; that similar variations may exist in the car- 
bohj'drate metabolism cannot be reasonably doubted. It is an 
error to fix narrow limits for the sugar content of the blood, par- 
ticularly when a method so readily affected as that of Bang is 
used to secure the data. This is particularly true for the data 
of normal states; the figures for the hyperglycemias of diabetes 
are much more certain, as the method yields more accurate results 
the higher the concentration of glucose. 




k STUDY OF THE PROTEIN METABOLISM UNDER 
CONDITIONS OF REPEATED HEMORRHAGE. 

By a. E. TAYLOR akd H. B. LEWIS. 

(From Ihe Devartmenl of Physiological Chemistry of the University of 
Pennsylvania, Philadelphia.) 

(Received for publication, June 7, 1915.) 

Two older theories of the protein metabolism have within re- 
cent years been clearly defined and placed in juxtaposition largely 
through the labors of Folin and Abderhalden. According to the 
hypothesis formulated by Abderhalden, the amino-acids, products 
of digestion of protein in the alimentary tract, are in the epithe- 
Uum of the intestine converted into the proteins of the blood serum, 
stamped with the biological stamp of the species, and sent into 
the circulation to serve as the substrate for cellular anabolism. 
The utilization of the circulating proteins, (corresponding to the 
“totes Eiweiss” of Pfliiger) by the individual cells of the various 
tissues must of necessity be preceded by a digestion within the 
cells, and out of the resultant amino-acids the particular cell 
then constructs its individual proteins, leaving the superfluous 
amino-acids to be burned or cast out. The protein-forming fimc- 
tlon of the intestinal epithelium is thus regarded as a synthetic 
function of the highest grade. The synthesis of the proteins of 
the blood serum cannot, however, be regarded as vested e.xclus- 
ively in the intestinal epithelium; since these proteins are main- 
tained in striking constancy during prolonged starvation, they 
must also be formed in the tissues of the body. "The second hy- 
pothesis, to which the recent investigations of Folin and Denis* 
and of ’I an Slyke* have contributed much, postulates the passage 
of the amino-acids, products of digestion of protein, through the 
resorption wall into the venous circulation, to be carried to the 

* Folin, O., and Denis, W., Jour. Biol. Chem., 1912, .-d, 87, 161; 1912, xii, 
141, Folin, 0., and Lj-man. H., ibid., 1912, xii, 259, 

' Van Siyke, D. D., and Meyer, G. M., ibid., 1913-14, x\-i, 197, 213, 231. 
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tissues and there stored^ (in a state not yet clearly defined) as 
substrates for the processes of anabolism. In this hj’-pothesis 
although the meaning of^ the proteins of the blood serum is not 
defined, their place of origin would be located in the tissues. 
Into this hypothesis, the recent work of Lusk^ on the stimulation 
of cellular reactions by amino-acids fits very well. In the nature 
of its formulation, the hypothesis of Abderhalden is scarcely 
capable of experimental demonstration; the hypothesis of Folin, 
however, lends itself to such demonstration. 

We have attempted to secure data that might bear upon this 
general problem by a study of the blood following extreme deple- 
tion by repeated hemorrhage. Our plan of investigation has 
been as follows: Dogs were kept without food for thirty-six to 
forty hours. At the beginning of the experiment the animal was 
anesthetized with ether, and complete anesthesia was maintained 
until the end of the experiment or, in the case of Dog 2, until 
the animal died. A large volume of blood was then withdrawn 
from the femoral vein, and the volume of circulating fluid at 
once restored by the introduction of an identical volume of Ring- 
er’s solution, whose freezing point corresponded to that of an 
0.85 per cent solution of sodium chloride, thus being isotonic to 
dog blood. After an hour another hemorrhage was done and the 
same volume of Ringer’s solution introduced. Four or five such 
withdrawals of blood were made, the total volume of the circu- 
lating fluid being kept constant by injections of Ringer’s solution. 
In the blood withdrawn analyses of the protein content, the sugar 
content, and the partition of nitrogen were made, as detailed in 
Table I. The effect upon the blood from the standpoint of the 
original composition may be seen from the fact that within four 
hours so much blood may be drawn as to reduce the volume of 
the corpuscles from over 50 per cent to less than 20 per cent. 
The constituents of the blood might be restored in one or both 
of two wmys; viz., a washing out of material already present in 
the tissues, and actual chemical formation within the tissues. 
It was foreseen that difficulties would inevitably arise in any at- 
tempt to define the source of any observed restoration or altera- 

® Compare also Wishart, M. B., Jour. Biol. Chem., 1915, xx, 535. 

^ Lusk, G., ibid., 1915, xx, 555. 
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tion, unless the data were very decisive. The data are contained 
in Table I. Ail results are expressed as grams per 100 cc. of 
serum. Total lutrogen was estimated by the Kjeldahl method; 
sugar, by the method of Vosburgh and Richards^;® serum albumin^ 
and globulin were estimated gravimetrically after coagulation of 
the proteins following separation with magnesium sulphate; amino- 
nitrogen and urea by the methods of Van Slyke; non-protein 
nitrogen was estimated by the method of Folin applied macro- 
chemically. 

TABLE I 
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4 

8 

0 

95 
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0 
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26 kg 
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0 
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5 
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0 
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6 
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2 

7 
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5 
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024 
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4 

4 

1 

6 

2 9 

0 
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1 

■ 


0 
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12 6 kg 

250 

0 61 

3 

7 

1 

4 

2 3 

0 

028 

1 

■ 


0 

245 


•200 

0 48 

3 

3 

0 

9 

2 4 

0 

041 

1 

■ 


0 

265 


*Dog bled to death Corpuscles less than 20 per cent of blood. 


Inspection of the data indicates the following findings, (a) 
There is a progressive decrease in the total nitrogen and total 
protein, most marked in Dogs 1 and 3, in which the venesec- 
tions uere relatively morp severe. It is assumed that no notable 
number of red corpuscles would be added to the circulating blood 
in the time concerned. The reduction in the proteins of the 
serum is less than that required by the dilution of the blood as a 

‘ Vosburgh, C H., and Richards, A. N., Am. Jour. Physiol., 1903, ix. 
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result of the substitution of Ringer's solution for whole blood, 
calculated on the assumption that the blood constitutes one- 
t^< elfth the body weight. This indieates that there has been a 
washing out of these proteins into the circulating blood, and this 
was, of course, to have been expected. 

(b) The reduction in serum albumin and globulin is not the 
same, the concentration of serum albumin being disproportion- 
ately reduced in Dog 1, and of the serum globulin in Dogs 2 
and 3. Absolute mass, however, is to be inquired into as well as 
concentration, and for this purpose one must compare the amounts 
in the serum of the total blood as calculated from the proportion 
of red cells and the assumed total amount of blood. This is of 
course a very rough calculation, but suggestive nevertheless. 
Table II presents the amounts of the two blood proteins thus 
calculated for the first and last venesections, for the assumed 
total mass of blood, in grams. 


TABLE n 


Dog 1 

Globulin. 

Albumin 

First venesection . . 

23 

41 

Last venesection ... 

18 

28 

Dog 2 

First venesection ... 

47 

68 

Last venesection 

58 

84 

Dog 3 

First venesection 

13 

17 

Last venesection . . . 

8 

19 


The figures are obviously not uniform, either in direction or 
amount of variation. In the second dog, the total serum albumin 
in the circulation at the close of the experiment was greater than 
at the beginning; in the other two dogs, there was po change or 
but little loss. In the second dog, there was actual gain in cir- 
culating globulin; in the first dog, little change; and in the third 
dog, decided loss. When one considers these figures and includes 
with them the known amounts of albumin and globulin removed 
in the venesections, one secures the impression that the reductions 
. and changes can be explained simpl}'- as due to washing out of 
the tissues and Ij’-mph spaces. Certainly there is in these figures 
no warrant for the assumption of any synthesis of these proteins 
on the part of the tissues, nor indeed was any noteworthy synthe- 
sis to have been expected within the time of the experiments. 
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(c) The non-protein nitrogen rises progressively with each vene- 
section, expressed in concentration, and, of course, more markedly 
when expressed in absolute terms. Table III expresses the fig- 
lures for non-protein nitrogen, calculated for the first and last 
hemorrhages, on the stated assumption of the total mass of blood 
in the body in grams. 

TABLE m. 


Dog 1 

First venesection. 
Last venesection. 
Dog 2 

First venesection. 
Last venesection. 
Dog 3 

First venesection. 
Last venesection. 


Non-protein nitrosen. 

o.is 

0.44 

0.32 
' 0.76 

0.10 

0.32 


These are very large increases and when one adds to these 
figures the sums of non-protein nitrogen known to have been re- 
moved in the venesections, it does not seem possible to regard the 
results as due to any mere washing out of the tissues. Part of 
this nitrogen is, of course, urea nitrogen, and this also was in- 
creased as shown in the analyses of Dog 3. That the amino- 
nitrogen is also increased is indicated by the figures for Dog 2. 
It does not seem possible to resist the conclusion that the increase 
of non-protein nitrogen has been the result of an active process 
on the part of the tissues, due either to a setting free of stored 
amino-acids or to amino-acids derived from hydrolysis of tissue 
(cellular) protein or serum protein. To decide between these is 
mere conjecture, but the derivation from the liberation of stored 
amino-acids certainly seems the more likely, since we must assume 
that the greater part of the non-protein nitrogen has been derived 
from and represents amino-nitrogen. 

The figures for blood sugar indicate that the commonly stated 
occurrence of hyperglycemia in the state of ether anesthesia is 
not invariable. 




ON THE PREDOMINANCE OF THE LIVER IN THE 
FORMATION OF UREA. 

Bt a. B. TAYLOR a-kd H. B. LEWIS. 

(from the Department of Physiological Chemistry, University of Penn- 
sylvania, Philadelphia.) 

(Received for publication, June 7, 1915.) 

A reviev? of the older literature relating to the question of the 
origin of urea in the animal body indicates that the commonly 
advanced idew that urea was formed largely, or indeed entirely, 
in the liver was founded upon little direct experimentation, but 
upon indirect experimentation and more or less circuitous reason- 
ing. Even the fact of the continuance of urea elimination by the 
frog following extirpation of the liver was interpreted as an adap- 
tation rather than as an illustration of normal function. In the 
modern conception of the catabolism of protein in the body, the 
hydrolysis of the protein is held to occur within the ceUs. The 
resulting amino-acids are then subjected to deamination, the 
ammonia is combined to form carbonate or carbamate, and these 
are finallj' converted into urea. These reactions, imder the older 
idea, were regarded as completed in the liver. "MTiether the 
entire series of reactions occurred in the liver, following the 
transportation there of the amino-acids, or whether only the final 
stage of conversion of ammonium' salt into urea occurred in the 
liver, was a secondary question. In the Abderhalden hypothesis 
of synthesis of blood proteins from the amino-acids, products 
of the digestion of protein, the superfluous amino-acids' were held 
to be deaminized in the liver and the ammonia was converted into 
urea. That amino-acids, however, may easily pass through the 
liver unscathed, is known.' 

A direct test of the urea-forming function of the liver is pos- 
sible. It is necessaiy^ to remove the alimentarj' tract, in order to 
exclude nitrogenous substances being resorbed from the tract. 

> Fiske, C. H., and Karsncr, H. T., Jour. Biol. Chem., 1913-14, xvi, 393. 
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Prolonged fasting cannot accomplish the same result, since bac- 
terial formation of ammonia continues in the colon during fast- 
• ing, the bacteria subsisting upon the nitrogenous secretions of the 
fasting alimentary tract. Following the complete removal of the 
alimentary tract, blood reaches the liver only through the hepatic 
artery. The liver is thus placed under the exact conditions of 
nutrition and metabolism that obtain in the other tissues. Anaba- 
ses of the blood coming from the hepatic vein and from the infe- 
rior cava below the entrance of the renal veins ought to yield 
information bearing upon the urea-forming functions of the liver 
and the peripheral tissues. We have made this experiment four 
times. The removal of the whole alimentary tract is an entirelj’' 
feasible operation,^ with or without the retention of the spleen 
and pancreas. The operations were performed for us by Dr. 
Max M. Peet. 

Under complete ether anesthesia, the tract was rapidl}’' re- 
moved, every precaution being taken to guard against loss of 
blood, which was of course to a considerable degree inevitable. 
In no case did the time required for the operation exceed fif- 
teen minutes. In the first two dogs, the spleen and pancreas 
were allowed to remain in the body. In the last two dogs 
these organs were removed with the alimentary tract. In Dog 
4 a clamp was placed upon the hepatic veins at their junction 
with the cava. This was done as a control of the results of 
the first three tests. The hepatic veins of the dog are short. 
The blood was drawn by inserting a needle, directed towards the 
liver, and then drawing the blood into the syringe by slow and 
gentle suction. Nevertheless, it seemed possible that in thus 
drawing the blood from the hepatic vein, blood might also be 
drawn back from the cava, and thus vitiate the results of the 
experiment. In Dog 4, therefore, the veins were clamped, so 
that the blood drawn could have come only from the liver. In 
each instance, one-half hour elapsed after the removal of the 
alimentary tract before the samples of blood were drawn for 
analysis. In Experiment III second samples were taken after 
another half hour. The blood was drawn info potassium oxalate 
solution, and analyzed for urea according to the urease method 

^ Taylor, A. E., Joitr. Biol. Chem., xv, 217. 
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of Van Slyke and Cullen, and for non-protein nitrogen according 
to the method of Folin, applied macrochemically. The figures 
for urea include the ammonia, which does not, however, alter the 
meaning of the findings. The results of the analyses are given 
in the following table. 



Nott-protcin N. 
Hepatic blood. 

Hrea N. 
Hepatic blood. 

Noo-protcio N. 
Peripheral blood. 

XTrea N. 

Peripberal blood. 

Dog 1.... 

0.022 

0.00S4 

0.020 

0.0061 

Dog 2 — 

0.031 

0.0226 

0.029 

0.0189 

! 

/ 0.030 

0.0146 1 

0.030 

0.0129 

Dog 3 

\ 0.030 

0.0114 

0.027 

0.0097 

Dog 4 

0.018 

0.0069 

0.017 

0.0065 


Ml figures represent gm. in 100 cc. of blood. 


The figures reveal a slightly higher concentration of non-protein 
nitrogen and urea (plus ammonia) in the blood coming from the 
liver than in the blood coming from the hind legs. Expressed as 
figures for the totals of the four dogs, the average for non-protein 
nitrogen was 0.026 for hepatic blood, 0.024 for peripheral blood; 
the average for urea N was 0.0128 for hepatic blood, 0.0108 for 
peripheral blood. These figures, while always positive in the one 
direction, are, however, subject to another consideration in inter- 
pretation. Urea is not the chief nitrogenous product of the mus- 
cular system, which is creatinine. It might therefore well be 
assumed that the intensity of metabolism in the unit of time might 
not be so high for urea formation in the muscle as in the liver, where 
urea represents apparently the chief nitrogenous catabolic end- 
product. Even disregarding this consideration, however, the 
slight excess of urea N present in hepatic blood over the urea N 
of peripheral blood certainly does not speak for any special 
predominance of the liver in the total function of formation of 
urea. The figures, instead, speak for the view that the formation 
of urea is the function of all tissues. 

A possible objection to this experiment might lie in the ques- 
Hon whether the removal of the portal circulation could disturb 
che nutrition and function of the liver. IVe do not regard this 
objection as well founded. The supply of oxygen comes to the 
liver tiirough the hepatic arterj'. Certainly, the arterial circu- 
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lation must be ample to care for the nutritional needs of the 
liver, considered as an organ alone, and especially during the short 
time concerned in these experiments. Experience with the Eck 
fistula does not yield any foundation for the idea that the nutri- 
tion of the liver is dependent upon the portal circulation. 



EXPERIMENTAL STUDIES OF URINARy AND BLOOD 
NITROGEN CURVES AFTER FEEDING. 

Bx 0. H. PERRY PEPPER and J. HAROLD AUSTIN. 

(From the John Herr Musser Departmenl of Research Medicine, University 
of Pennsylvania, Philadelphia^ 

(Received for publication, June 9, 1915.) 

The following studies were designed to show the hourly varia- 
tions in the normal dog of the total non-protein nitrogen of the 
blood compared with the output of urine and of the nitrogen in 
the urine, and the effect upon these of various diets and of varia- 
tions in the water intake. 

The purpose was to establish normal curves under fixed con- 
ditions, which it is hoped will prove useful in a further study of the 
curves in the various forms of e-xperimental nephritis and after 
the administration of diuretics. 

Nine bitches have been placed on a diet consisting of meat, 
lard, sugar, sodium chloride, bone ash, and water, adequate in 
calories and containing about 0.4 gram of nitrogen per kilo of 
body weight. On the sixth day the ration was varied to suit the 
study, being richer in nitrogen in Dogs 2 to 6 while in Dogs 7, 8, 
and 9 no food was given on the days of the study. The water 
intake was varied as shown in the protocols. On the day of the 
study, the animals were catheterized at intervals and at the 
time of each catheterization o or 10 cc. of blood were taken from 
the jugular vein for estimation of the non-protein nitrogen by 
Folin’s method. The urinarj' nitrogen was estimated by Kjeldahl. 
The protocols follow: 

Moderate Xitrogenous Inlake.—Dog, 1. Female, weight 10,870. Placed 
for si.K days on a diet of beef heart ISO gm. (0.39 gm. N per kilo), lard 50 
{TO., sucrose 50 gm., bone ash 15 gm. sodium chloride 2 gm., water 200 cc. 
given daily at 8 a.m. On the sixth day* there were obtained the urine bv 
c.nthetcr and 5 cc. of blood from the jugular vein at 8 and 10 a.m., noon, 
2, 4, 6, and 10 p.m., and 8 a.m. the next day. The results are shown in 
Chart I. 
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High Nitrogenous Intake . — Dog 2 Female, weight 6,200. Placed for 
five days on a diet of beef heart 90 gm. (0,4 gm. N per kilo), lard 30 gm. 
sucrose 30 gm,, bone ash 10 gm., sodium chloride 2 gm., water 200 cc. given 
daily at 8 a.m. On the sixth day, given at 8 a.m. beef heart 230 gm. (1 
gm. N per kilo), lard 12 gm., sucrose 12 gm., bone ash 4 gm., sodium chloride 
1 gm., water 80 cc.; on this day there were obtained the urine by catheter 
and 5 cc. of blood from the jugular vein at 8 and 10 a.m., noon, 2, 4, C, and 
10 p.m., and 8 a.m. the next day. Results are shown in Chart I. 






Xf/Tf S. 


Chart I. 


Very High Nitrogenous Intake . — ^Dog 3. Female, weight 7,600. Placed 
for five days on a diet of beef heart 110 gm. (0.4 gm. N per kilo), lard 35 
gm., sucrose 35 gm., bone ash 20 gm., sodium chloride 2 gm., water 200 cc. 
given at 8 a.m. daily. On the sixth day, given at 8 a.m. the same diet ex- 
cept that of the beef heart 610 gm. (2.5 gm. N per kilo) were fed. Urine 
and blood were obtained on this day as in Dogs 1 and 2. Results are shown 
in Chart I. 

Very High Nitrogenous Intake. Water throughout the Day . — Dog 4. 
Female, weight 12,150. Placed for five days on a diet of beef heart 105 
gm. (0.4 gm. N per kilo), lard 55 gm., sucrose 55 gm., bone ash 20 gm., so- 
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dium chloride 2 gm.,. water 300 cc. given daily at 8 a.m. On the sixth 
day, given at 8 a.m. the same diet except that of the beef heart 1000 gm. 
(2.5 gm. N per kilo) were fed and of water only 40 cc. On this day there 
were obtained the urine by catheter and 5 cc. of blood from the jugular 



Chart II, 


vein at 8 and 10 a.m., noon, 2, 4, 6, and 10 p.m., and 8 a.m. the next day. 
At these same periods 40 cc. of water were administered, nuxed with the 
food at 8 a.m., given by stomach tube at the other intervals. Results of 
the unne and blood analyses are shown in Chart II. 
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Very High Nitrogenous Intake. Water with Feeding and throughout the 
Day. — Dog 5. Female, weight 12,200. Placed for five days on same did 
as Dog 4. On the sixth day, given at 8 a.m. the same diet except that of the 
beef heart 1000 gm. (2.5 gm. N per kilo) were fed and of water 300 cc. On 
this day urine and blood were obtained as in Dog 4 and 40 cc. of water were 
administered by stomach tube at each period as in Dog 4. Results arc 
shown in Chart II. 

Very High Nitrogenous Diet. Water Once Eight Hours after Feeding.— 
Dog 6. Female, weight 10,450. Placed for five days on a diet of beef heart 
140 gm. (0.4 gm. N per kilo), lard 45 gm., sucrose 45 gm., bone ash 20 gm., 
sodium chloride 2 gm., water‘300 cc. given daily at 8 a.m. On the si.\th 
day, given at 8 a.m. the same diet except that of beef heart 900 gm. (2.5 



Z>OQ •/ — 

DOfi 0 


ncvixs Arren reepitt^ 


Chart III. 


gm. N per kilo) were fed and no water was added to the food. At 4 p.m., 
300 cc. of water were given by stomach tube. Urine and blood were ob- 
tained as in Dogs 4 and 5. Results are shown in Chart II. 

Fasting. Water at Beginning of Day. — Dog 7. Female, weight 7,3G0. 
Placed for five days on same diet as Dog 3. On the sixth day, given no food, 
but at 8 a.m., 200 cc. of water by stomach tube. Urine and blood obtained 
as 'in Dog 1. Results are showm in Chart III. 

Fasting. No Water. — Dog 8. Female, weight 12,260. Placed for five 
days on same diet as Dog 4. On the sixth day, given no food or watcr;on 
this day there w'ere obtained the urine by catheter and 5 or 10 cc. of blood 
from the jugular vein at 8 a.m., noon, 4, and 10 p.m., and 8 a.m. the next 
day. The results are shown in Chart III. 
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Fasting. Small Amounts of Water as Desired. —Hog 9. Same animal 
as in previons experiment. Allorred to feed freely at 10 a.m. for three 
days after previous experiment; then again fasted for two days, water 
being permitted freely (50 cc. taken each day) . On these two fasting days 
there were obtained urine by catheter and 5 cc. of blood from the jugular 
vein at 10 a.m., 4 and'lO p.m., 8 a.m., noon, 4, and 8 p.m., and 8 a.m. the' 
next day. Results are shown in Chart III. 


CONCLUSIONS. 

The daily variation in the non-protein blood nitrogen of the 
normal dog receiving a diet containing 0.4 gram of nitrogen per 
kilo is about 9 mg., the maximum being reached about two hours 
after feeding with a return to the original level in about ten to 
fourteen hours- By feeding excessive quantities of meat, the 
non-protein blood nitrogen may be increased 25 to 40 mg. in six 
to eight hours and the original level is usually not reached even 
at the end of twenty-four hours. 

In one animal (Dog 4) the blood nitrogen did not reach its 
maximum until fourteen hours after feeding, the urinary nitrogen 
exhibiting a parallel gradual rise; this is probably only to be ex- 
plained on the basis of slow absorption from the gastro-intestinal 
tract. It is to be observed that this animal received its allot- 
ment of water in small doses throughout the day by stomach 
tube instead of in one large dose with its feeding; this factor may 
have influenced the rate of absorption. 

The curve of the non-protein blood nitrogen in the normal dog 
after feeding follows closely that of the urinary nitrogen. There 
is sometimes e.xhibited, however, a further or secondary rise in 
the blood nitrogen at the time that the diuresis and output of 
nitrogen in the urine is rapidly decreasing. 

In the fasting dog there occurs a gradual fall in blood nitrogen 
to a minimum of 12 to 18 mg., reached thirtj’" to forty-eight hours 
after the last feeding, and followed by a rise in the next few hours 
to about 25 to 28 mg. at which level it tends to persist. The 
urinary nitrogen shows a similar but less pronounced curve. 

The amount of urine influences the urinary nitrogen to a much 
greater extent when the blood and urinary nitrogen values are high 
than when they are low. It may be seen by comparing the curves 
of Dogs 7 and 8 that free diuresis induced by the administration 
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of water to the fasting animal has little effect upon the curve of 
nitrogen either of the urine or blood. 

The application of Ambard's formula using total nitrogen in- 
stead of urea to these data fails to give a constant figure. Better 
results are obtained by the use of a somewhat similar but simpli- 
fied formula, but here also considerable discrepancies occur and 
we have been unable to find any formula that will constant^ 
express the relation between blood nitrogen, urinary nitrogen, 
and urinary amount. 



the final hydrogen ion concentrations of 

CULTURES OF BACILLUS COLI.» 

Bt WM. iMANSFIELD CLARK. 

(From the Research Laboratories of the Dairy Division, Bureau of Animal 
Industry, U. S. Department of Agriculture, Washington.) 

(Received for publication, June 23, 1915.) 

ESTRODTJCTION. 

In 1912 Michaelis and Marcora- showed that a certain cultnre 
of Bacillus call ceased activity in a lactose bouillon at a hydrogen 
ion concentration of 1 X IQ-'n. This point Michaelis and 
Marcora considered to be a physiological constant of Bacillus 
coli. 

Since these authors apparently worked with but one culture, 
and varied the medium only in its initial reaction, it remained to 
be determined if this point is attained by other cultures of Ba- 
cillus coll and in media of such widely varying composition that it 
may truly be called a physiological constant. 

The solution of this question is an integral part of an exten- 
sive research upon the influence of hydrogen ion concentrations 
on bacterial metabolism. SufScient data have now accumulated 
to justify a preliminary account of the final hydrogen ion con- 
centrations attained by several cultmes which have been exten- 
sively studied in this laboratory.- 

Methods. 

For the determination of hydrogen ion concentrations use was 
made of the chain: 

Hg HgCl I TO KCl I Saturated KCl ] Solution [ Pt Hj 

The calomel cells were prepared from mercurj' which had been 

‘ Published by permission of the Secretary of Agriculture. 

’ Michaelis, L., and Marcora, F., Zischr. f. Immunitstsforsch. u. exver. 
Thcrap., Orig., 1912, sav, 170. 
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distilled in vacuo after several distillations according to Hulett’s* 
method. The HgCl was prepared according to the procedure 
followed by Loomis and Acree.^ The tit ICCI solution was made 
from thrice recrystallized and ignited Kahlbaum KCl. Some of 
the electrodes were of platinized platinium, others of gold coated 
with palladium black. Both types agreed well. The hydrogen 
was generated electrolytically from 10 per cent NaOH, and was 
passed over concentrated sulphuric acid, then over heated palla- 
dium asbestos. The generator was kept running continuously, 
on a low current when not in use, in order to prevent a backward 
diffusion of the atmosphere. The electrode vessel will be de- 
scribed in another paper. In principle it is similar to that of 
Hasselbalch,® but particular attention was given to the elimination 
of dead spaces, to the provision of maximum solution surface, 
and to the recommendations of Gumming'' in regard to the con- 
tact between solution and saturated KCl By attention to de- 
tails it was found that the liquid contact potential was reduced 
to a small value, and it was considered unnecessary to make the 
Bjerrum’^ extrapolation correction. Corrections were made for 
the barometric pressure including, of course, the vapor tension of 
the solution, which was assumed to be that of water at the same 
temperature, as well as an occasional small correction for the 
calomel electrode found by comparison with other assumed stand- 
ards, The apparatus was held in an air thermostat with active 
air circulation. The thermostat was kept constant to -within 
about 0,05 of a degree of 30.0°C. The fluctuations in tempera- 
ture within periods of five minutes were not over 0.003 of a 
degree, according to readings taken with an eight pair copper 
Constantine thermo element. 

The equation for the calculation of hydrogen ion concentra- 
tion from the potential of the chain used at 30°C. is : 


E - 0.337 
O.OGOl 


log. I/Cn — Pn 


" Hulett, G. A., Physical Rcvieio, 1911, xxxiii, 307. 

•• Loomis, N. E., and Acree, S. F., Am. Chem. Jour., 1911, xlvi, 5S5. 

® Hassclbalcli, K. A., Biochcm. Zischr., 1913, Jclix, 451. 

® Gumming, A. C., Tr. Faraday Soc., 1907, ii, pt. iii, 213; 1912, -v'iii, 86; 
1913, ix, 174. 

’’ Bjerrum, N., Zischr. f. Elcctrochem., 1911, xvii, 389. 
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The potentials n-ere measured with a Leeds and Northrup 
potentiometer and with a galvanometer as zero point mstrument. 
Two ^Yeston cells kindly loaned by the Bureau of Standards 
furnished the known potentials. 

OrQanisms Studied. 

The organisms studied were those described by Rogers, Clark, 
and Darns* and by Rogers, Clark, and Evans.* They were all of 
that class of the colon-aerogengs family which, when pown in 
vacuo in a medium consisting of 1 per cent Witte peptone, 1 per 
cent dextrose, and 0.5 per cent K 2 HPO 4 , produce carbon dioxide 
and hydrogen in the ratio CO2/H2=1.06. Since the cultural 
characteristics of these organisms approach closely to those gen- 
erally attributed to Bacillus coli we may, for the sake of brernty, 
call them Bacilli coli, although they are distinguished in this 
laboratory from other members of the colon-aerogenes family by 
calling them the “low ratio organisms.” 

The Progress of Acid Formation. 

The propessive development of the acidity of the cultures 
is shonm in Tables I and II. Were we to plot the values 
against time we should find a form of curve which is very much 
the same whatever the medium used. The rate of acid develop- 
ment, however, when extricated from its apparent rate due to the 
character of the medium's buffer effect, is a subject worthy of 
separate treatment. For present purposes it is only necessary' 
to state that the progress of the acid formation has been followed 
in sufficient detail to make sure that the final hydrogen ion con- 
centrations when measured were practically final values. 

* Rogers, L. A., Clark, W. M., and Davis, B. J.. Jout. Infect. Dis., 
1914, xiv, 411. 

> Rogers, L. A., Clark, W. M., and Evans, A. C., ibid., 1914, xs', 99’, 1915, 
xvii, 137. 
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TABLE I. 


Progressive Change in Hydrogen Ion Concentration of Colon Cultures. 
Medium: 1 per cent Witte Peptone, 1 per cent Dextrose, and 0.5 per cent 
KiHPOt. Cultures' H eld in Jena Test-Tubes at S0° C. 


Time. 

Organism hx. 

Organism fg. 

hrs. 

0 

7.29 

7.29 

5 

7.29 

7.29 

10 

7.16 

7.00 

15 

6.11 

6.08 

20 

5.47 

5.26 

25 

5.22 

5.11 

30 

5.17 

5.02 

35 

4.92 

4.85 

50 

4.86 

4.87 

100 

4.68 

4.84 

150 

4.64 

4.83 


TABLE II. 


Progressive Change in Hydrogen Ion Concentration of Cultures of Colon 
22hx. Medium: Standard Meat Infusion Containing 1 per cent Peptone 
and 2 per cent Dextrose. Cultures, Held in Jena Test-Tubes. 


Time. 

Pn- 

30* C. 

^n‘ 

37.5' C. 

hrs. 



0 

6.95 

6.95 

24 

5.08 

4.93 

48 

4.84 

4.83 

96 

4.79 

4.82 

192 

4.74 

4.83 

240 

4.75 



Final Hydrogen Ion Concentrations. 

In Tables III and IV are shown typical results obtained with 
several organisms grown under the same conditions. In studying 
sixteen cultures isolated from human feces, cow feces, and grain, 
similar results were obtained when the organisms were grown 
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under the same conditions. Whether the difference shown by 
the grain cultures in Table III is significant remains to be 
determined. 

TABtE m. 


Final Hydrogen Ion Concentrations of Colon Cultures. Medium: Standard 
Beef Infusion Containing 1 -per cent Peptone and I per cent Dextrose. 
After Adjustment of the Reaction and Sterilization P-s = 7A6. Incuba- 
tion Temperature S0° C. Incubation Period 18 Days. 


Organism. 

Source. 

Corrected 

potential. 

Ph- 

CgX 10“® 

22fg 

Human feces 

0.6260 

4.82 

1 1.5 

22hw 

Bovine feces 

0.6230 

4.77 

1.7 

22hx 

it 

tt 

0.6242 

4.79 

1.6 

22h}' 

i it 

\ 

U 

0.622S 

4.76 

1.8 

22hz 

it 

it 

0.6220 

4.75 

1.8 

22ic 

it 

tt 

0.6220 

4.75 

1.8 

22ja 

it 

tt 

0.6240 

4.78 

1.6 

22jl 1 

U 

“ 1 

0.6230 1 

4.77 1 

1.7 

22jm 

it 

it I 

0.6235 ! 

4.77 ! 

1.7 

22jn 

it 

tt 

0.6248 

4.80 

1.6 

22/^ 

it 

tt 

0.6222 

4.75 

1.8 

22ina 

tt 

tt 

0.6189 

4.70 

2.0 

22nb 

it 

tt 

0.6248 

4.80 

1.6 


Grain 


0.6466 

5.16 

0.70 


ft 


0.6378 

5.01 

0.99 


tt 


0.6426 

5.09 

0.82 


TABLE IV. 

Final Hydrogen Ion Concentrations of Colon Cultures. Medium: 1 per 
cent Witte Peptone, 0,4 per cent Liebig's Extract, 1 per cent Lactose, and 
1 per cent KH{PO,. Cultures held in Jena Test-Tubes at 30° C. for IS 
Days. Original Sterile Medium Pb = 6.j8. 


OrganUm. 

I’h- 

Organism. 

Pn- 

Organism. 

I’h- 

22fg 

4.80 

22hx 

4.63 

22hz 

4.89 

22fg 

4.86 

22hx 

4.67 

221iz 

4.89 

22hw 

4.92 

22hy 

4.94 


22hw 

4.92 

22hy 

4.91 

Average 

4.85 


In Table V an interesting instance is given of the effect of 
adding sterile lactic acid to a medium before inoculation. 
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TABLE V. 

Final Hydrogen Ion Concentrations Attained by Colon 22fg in Acidified 
1 per cent Witte Peptone and 1 per cent Dextrose. Cultures Held in 
Vacuum Bulbs at 30° C. 14 Days. 

Original 

Ph- 

6.74 
5.95 
5.00 
4.55 

The results obtained in about thirty different media confirm 
so well the main contention of Michaelis and Marcora that it is 
hardly necessary to tabulate the data in detail. 

It is of course true that in different portions of the same me- 
dium the accumulation of the same molecular concentrations of 
the acids produced by the organisms would lead to the same hy- 
drogen ion concentration. It is also true that certain media of 
different composition might arrive at the same hydrogen ion con- 
centration through the addition of the same amount of acid. 
For instance a 1 per cent Witte peptone, 1 per cent dextrose solu- 
tion with an initial hydrogen ion concentration of = 6.89, 
and the same solution brought to a hydrogen ion concentration of 
Pn = 5.39 by the addition of 1 per cent KH 2 PO 4 , both arrive 
at very nearly the same hydrogen ion concentration when each 
is made 0.01 normal with lactic acid. It also happens that 
near this point, which is about P„ = 4.2, the fermentation of 
dextrose by Badlhis coli ceases. In such a case the constancy of 
the final hydrogen ion concentration might be considered as 
merely an index of a constancy in the total acid produced. 

On the other hand this is only a special instance, and a con- 
sideration of the data as a whole leaves little doubt that the hy- 
drogen ion concentration rather than the total acid produced is a 
limiting factor. For instance. Bacillus coli grown in 1 per cent 
peptone, 2 per cent lactose, raises the hydrogen ion concentra- 
tion to Pn = 4.56. To do so the organism need only make the 
medium 0.007 normal with lactic acid. But if this medium con- 
tains 0.05 M NanHPOi the organism must make the medium 
0.06 normal with lactic acid before the hydrogen ion concentration 


4.37 

4.29 

4.53 

4.55 


Medium. 

No acid added 

Made 0.0025 n lactic.. 
Made 0.0050 n lactic.. 
Made 0.0075 n lactic., 
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is raised to = 5.00. Instead of ceasing vrith the production 
of 0.007 normal acid the organism only ceased its activity 'when 
the hydrogen ion concentration of — 5.00 rvas reached. In 
these instances, then, the total acid produced amounted in one 
case to 0.007 n and in the other to 0.06 n, while the final hydro- 
gen ion concentrations were P„ = 4.56 and P„ = 5.00'®. That 
the latter values approach closer to what may be called a physio- 
logical constant than do the former is hardly open to dispute. 

There are, however, appreciable and noteworthy difierences in 
the values obtained in different media. It seems to be true, for 
instance, that higher points are attained in dextrose media than 
in corresponding media containing lactose. For instance hx 
brought a 1 per cent peptone solution to P„ = 4.26 with a dex- 
trose fermentation while with lactose only 4.56 was reached. 
Corresponding differences were observed in a variety of media in 
which dextrose was fermented in one case and lactose in another. 
To a certain extent this is comparable with the differences in 
titratable acid found by Brown" and also with the differences 
found by the Winslows'- in the fermentation of dextrose and 
lactose by the coccaceae. As soon as we can obtain a stock of other 
exceptionally pure sugars comparable with the recrystallized lac- 
tose and dextrose used in the present investigation tbis work 
will be extended to include a variety of carbohydrates and their 
derivatives. 

One of the most striking relationships to be found in the data 
at hand is that which seems to hold verj- generallj’- between the 
buffer effect of the media and the final hydrogen ion concentra- 
tion. This can be illustrated in the following wa}-. If we add 
successive portions of lactic acid to a medium and then measure 
the resulting hydrogen ion concentration we obtain a close ap- 
proximation of the effect of the acids produced by the organism. 
With a series of such measurements we obtain a relationship be- 
tween the added acid and the resulting hydrogen ion concentra- 
tion which we may plot in the form of a “titration curv'e.” Such 
curries are shorni in Fig. 1 for the following media; 

Isotc that as Pit increases Cn decreases. See p. SS. 

Brow-n, W. W., Jout. Inject. Dis., 1914, xv, 5S0. 

" tVinslow, C.-E. A., and Winslow, A. R., The Systematic Relation- 
ship of the Coccaceae, Kew York, 190S. 
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A. 1 per cent peptone 

B. 1 per cent peptone, 0.05 M NaHiPOi 

C. 1 per cent peptone, 0.05 m HjPO/, 0.075 Is IsaOH 

D. 1 per cent peptone, 0.05 m Na.HPOi 

E. 1 per cent peptone, 0.01 m NaiHPOi 

When lactose was added to these media, and the final hydrogen 
ion concentrations attained through its fermentation were pointed 
off on the titration curves, they were found to fall at the positions 
designated by the heavy crosses. It appears at once that in the 
more highly buffered media, that is in the media with the greater 
neutralizing power, the final hydrogen ion concentrations are 
lower. That there is an orderly relationship is suggested by the 
fact that the points fall almost on a straight line. 

The first conclusion to which this relationship points is, that 
although the hydrogen ion concentration is the chief limiting 
factor, other toxic bodies, perhaps the undissociated acids them- 
selves, impose their own influence. Since the toxicity of these 
bodies would be proportional to their concentration we should 
expect to find their effect greater in media which permit the 
more extended fermentation, namely in the highly buffered 
media. In the cases just cited there seems to be a rather strict 
ratio. It is a curious fact that when we increase by i the values 
of the normality of acid corresponding on the curves to the final 
hydrogen ion concentrations, we find that the hydrogen ion con- 
centrations corresponding to these increased normalities are 
P„ = 4.50 for each of the three media which contain the same 
concentration of PjOj (B, C, and D, Fig. 1). Whatever the 
meaning of this relationship may be it would be unprofitable to 
dwell too long upon it at this time for it cannot be extended with 
the same mathematical rigidity to other cases. Though a fair 
degree of proportionality is found to hold in many cases between 
the final hydrogen ion concentration and the buffer effect of the 
medium, we find in the case of milk, for instance, much lower final 
hj-^drogen ion concentrations attained than the titration curve 
would lead us to e.xpect (see Table 
This and several other considerations have made it evident that 
we must proceed with caution if we are to deal rigidly with the 
specific effect of the hydrogen ion. No attempt will be made in 
this paper to treat of either the specific effect of the hj'drogen ion 
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TABLE VI. 


Final Hydrogen Ion Concentrations Attained by Colcn Cxdtures in Steril- 
ized Skimmed Milk. Cultures Held in Jena Test-Tubes at S0° C. for S 
Days. Original Sterile Milk Pu = 6.18. 


Organism. 


Organism. 


Organism. 

Ph- 

Organism. 

P.r 



22hp 


Pi 


22hy 

5.14 

■ 1 mrmWW 


22hr 


wgm 


22hz 

5.31 


5.14 

22hs 

5.12 


5.09 

22ib 

5.10 


5.16 

22ht 

5.13 

22hx 

5.06 

22ii 

5.30 


or the specific effects of different acids. Data already accuinvi- 
lated on these questions must be reserved for separate treatment. 
The object of this paper is to show the bearing of the data pre- 
sented upon a very important point in bacteriological technique. 
This may be stated very briefly as follows. 

The Diagnostic Value of Final Hydrogen Ion Concentrations. 

While the final hydrogen ion concentrations attained in cul- 
tures of Bacillus coli have been shown to vary somewhat with the 
medium, the variation is confined to a narrow range. This range 
is so narrow that for certain purposes the final h3'’drogen ion 
concentration may be considered a constant. 

Now this limiting hydrogen ion concentration may be attained 
by very great differences in the total acid produced, and conse- 
quently, if we estimate the acid productivity of our cultures by 
titration, we may obtain widely different values. Unless the 
media employed by different laboratories are identical, at least in 
their buffer effect, the titratable acidity produced by the same 
organism may be found to be very different. The confusion be- 
comes worse confounded when, as Miss Broadhurst*^ justlj'^ com- 
plains, different media are mentioned by the same name. In 
another paper’'* it is shown in more detail that present titrimetne 
methods are totally inadequate to meet the situation. 

It may be well to add at this point that sufficient work has 
been done in this laboratory to indicate that the same phenomena 
described in this paper apply to many of the streptococci. 

Broadhurst, J., Jour. Infect. Dis., 1913, xiii, 404. 

" Clark, W. M., ibid., 1915, xvii, 109. 
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Often the final hydrogen ion concentrations attained by different 
species are sufficiently "wide to serve as differential characteristics , 
always the value attained by the same organism is far more con- 
stant than the titratable acid produced. 

It appears then that by determining the final hydrogen ion 
concentration rather than the final titratable acidity we may 
expect to find values far more constant, of wider reproducibility, 
and of greater diagnostic worth. 

If we can succeed in the endeavor now being made to simplify 
and systematize the colorimetric method of determining the 
hydrogen ion concentrations of bacterial cultures we shall have 
a method not only more valuable than present titrimetric pro- 
cedures but one which may be made more rapid. A special case 
in which the colorimetric method has been successfully applied 
is in the differentiation of bacteria of the colon-aerogenes family. 
An account of this has recently been published.’^ 

SUMMARY. 

The final hydrogen ion concentrations attained in the fermen- 
tation of dextrose and lactose by several cultures of Bacillus coli 
in a variety of media have been measured electrometrically. 

In any given medium the values obtained agree remarkably. 
Distinct differences in the values obtained with the same or- 
ganism in different media have been observed. These differences 
seem to follow in general this order; the greater the buffer effect 
of the medium the lower the final hydrogen ion concentration 
attained. This relationship suggests that as fermentation is 
prolonged other toxic bodies accumulate and superimpose their 
own relatively small effect. 

The final hydrogen ion concentrations differ by such small 
amounts that the work here reported may be considered as a 
confirmation of the claim of Michaelis and Marcora that the final 
hydrogen ion concentrations are a physiological constant for 
Bacillus coli. It is shown, however, that if we are to deal with the 
specific effects of the hydrogen ion in any rigid way the differences 
in the final hydrogen ion concentration must be taken into serious 
consideration. 


“ Clark, U . M., and Lubs, H, A., Jour. Infect. Dis., 1915, xvii, 160. 
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It is shown that for certain practical purposes the final hydio- 
gen ion concentrations furnish data of far greater significance 
than can possibly be obtained by measuring with titrimetric 
methods the acid productivity of these organisms. 



THE ROLE OF OXIDASES IH RESPIRATION. 

PLATE I. 

Br G. B. REED. 

(From 'he Lahoralory of Plant Physiology, Harvard Universily, Cambridge.) 

(Received for publication, June 26, 1915.) 

The suggestion has recently been made bj’’ R. S. Lillie' that 
“the oxidases play I it an accessory part” in biological o.xidation, 
while the chief role is assigned “to intracellular surfaces or phase 
boundaries,” the electrical polarization of which is supposed to 
play an important part in the process. In support of this liew 
he cites a series of experiments in which the oxidative activity of 
the cell was measured by the formation of granules of indophenol. 

This theory is a new one and, if accepted, would make it neces- 
sary for us to modify greatly our ideas of respiratory processes. 
It seems desirable, therefore, to determine experimentallj' the 
relation of oxidases to the particular oxidation on which this theory 
is based, i.e., the formation of indophenol. For this purpose the 
writer has repeated Lillie’s experiments, using both plant and 
animal material, and has found that when the action of oxidases 
is prevented no oxidation occurs. It would seem, therefore, 
that the oxidases play a much more important part than Lillie 
has ascribed to them. The writer here presents an account of 
these experiments together with a discussion of some other work 
directly related to this subject. 

9 

The Indophenol Reaction. 

The oxidation of a mixture of a-naphthol and paraphenj'lenediamine in 
dilute sodium carbonate solution was employed by Eohmann and Spitzer- 
somc years ago, in a study of the oxidative activity of various organs of the 


‘ Lillie. R. S.. Jour. Biol. Chcm., 1913, xv, 237. 

» Rohmann, F., and Spitzer, W., Ber. d. dcutsch. chem. Gesellsch., 1S95, 
xxviii, 567. 
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animal body. According to these authors when the above compounds 
are brought together and exposed to the air o.xidation proceeds in the 
manner represented b}’^ the following equation: 


C6H4(NH2)2+ C 10 H 7 OH + O 


= NH<^ 


C 6 H 4 NH 2 

CioHtOH + H2O 


/C6H4NH2 
NH<^ +0 

^CioHeOH 


yCcH^NHj 
^CioHcO + H2O 

I 


One atom of oxygen goes to effeet the synthesis of a leuco-compound and 
a second atom of o.xygen combines with this product to form a deep purple 
substance, known as indophenol. V/hen solutions of these compounds are 
allowed to stand in contact with atmospheric oxygen the oxidation pro- 
ceeds very slowly, but Rohmann and Spitzer found that in the presence of 
animal tissues the reaction was greatlj' accelerated. 

More detailed observations on the course of this reaction have recently 
been made by Vernon.^ When finely chopped tissues of the rabbit or rat 
were allowed to act on a mixture of a-naphthol, paraphenylenediamine, 
and sodium carbonate solutions he found that the amount of indophenol 
formed is in direct linear proportion to the time, though the reaction 
slows down toward the end of the process. This reaction Vernon believes 
to be due to the presence of oxidase ferments in the animal tissue; a belief 
held by former im^estigators who have employed the reaction as a test for 
oxidases in animal and plant material. 

Following the method of Wurster,^ Lillie/ has employed in place of 
the paraphenylenediamine, dimethylparaphenylenediamine along with a- 
naphthol, which forms on oxidation dimethyl-indophenol. He observed 
that when animal cells were placed in either of these indophenol-forming 
solutions the oxidation product appeared in the form of minute rounded 
granules of a dark purple color. No suggestion is offered, however, as to 
whether they are amorphous particles of indophenol or depositions about 
previousb"^ e.xisting granules in the cell. 

Inasmuch as Lillie's contentions as to the nature of oxidation 
processes are based entirely on the location at which these bodies 
form in the cell, and particular^ on the presence of membranes or 
surfaces such as are found around granules, it seemed desirable, 
before continuing the investigation, to determine the physical 
mechanism of their formation. 

^ Vernon, H. M., Jour. Physiol., 1911, xliii, 402. 

* Wiirster, C., Bcr. d. deulsch. chem. Gesellsch., 18SS, xxi, 1525. 

* Lillie, loc. ct(.; Am. Jour. Physiol., 1902, vii, 412. 
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The Formation of Indophenol Gramdes. 

A mixture consisting of watery solutions of paraphen 3 'lene- 
diamine (1 per cent) and a-naphthol (1 per cent) was exposed 
to the air in a shallow watch glass for a few hours, until it as- 
sumed a deep purple color. A microscopic examination showed 
it to contain the characteristic long needle-shaped cr 3 'stals of 
indophenol (Figure I A). In this reaction (which is well under- 
stood) the indophenol resulting from the oxidation is insoluble in 
water and appears in crystalline form. 

To a similar indophenol-forming solution a small amount of 
gelatin was added. The reaction proceeded at approximately 
the same rate and formed a similar dark purple solution, but the 
indophenol was in the form of small oval granules rather than in 
crystals. Other colloids, as gum arabic or egg white, showed 
similar effects. The granules, however, varied considerably in 
size in different colloids and different concentrations of the same 
colloid. To portions of the diamine ■+• naphthol solution, contain- 
ing each 10 cc., sufficient gelatin was added to make the con- 
centrations 0.1, 1.0, and 10.0 per cent. The granules which 
formed in the 0.1 per cent gelatin showed some resemblance to 
the normal crystab (Figure 1 B) ; yet while the normal are 100 to 
200 fj. in length these granules are only 5 to 10 ;:i long, with rounded 
ends, and show a marked tendency to aggregate into irregular 
spherites. But in the stronger gelatin the granules give no 
suggestion of the typical crystal form (Figure 1 C) but are rounded 
or slightly oval and, in the 10 per cent gelatin, only 3 to 5 in 
diameter. 

The formation of dimethyl-indophenol was affected in exactlj^ 
the same manner by the colloids. 

Adding a small amount of a clear filtered extract of wheat 
bran, containing an active oxidase, to the indophenol-forming 
mixture the crj-stalline indophenol formed as before though much 
more rapidly. Also, in the presence of gelatin, the formation of 
granules was accelerated, yet the granules themselves had the 
same appearance as those formed more slowly. 

It is apparent, therefore, that these granplesmb^f^Plo^rm 
in certain animal cells, and about to b^es^bed^i^a|^^Is, 
result from the oxidation of the napp^^I-diamine mixtur^t^t \\ 
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the indophenol or dimethyl-indophenol formed is prevented from 
crystallizing normally in the cell by the colloidal properties of the 
protoplasm, so that it is deposited in a granular form, and that 
it is not necessarily formed at the surfaces of cell granules or at 
other cell surfaces. 

The Relation of Oxidation Processes to the Nucleus and 
Cell M emhranes. 

In an early paper by Loeb® it was pointed out that the inability of 
enucleated cells to regenerate was associated with what he believed to be a 
diminution of oxidative activity, and he concluded accordingly that the 
nucleus was the main (although not the only) oxidizing organ in the cell. 
Loeb has also recentl}' suggested that the marked increase in the rate of 
oxidation in developing eggs of Arbacia on passing from the fertilized egg 
to the 32 cell stage maj' be due to the increase in the mass of the nuclei. 
Immediately following Loeb’s original suggestion, considerable evidence 
was brought forward by Lillie^ to show that intracellular oxidations take 
place particularly about the nuclei. In certain animal tissues, such as 
the testis, intestine, or kidney, where the nuclei show a definite arrange- 
ment, he found that indophenol granules and the oxidation products of 
various dyes were formed in largest amounts in those regions where the 
nuclei are chiefly situated. He also pointed out at this time that blood 
cells in an indophenol-forming solution develop granules most rapidly 
about their nuclei. Warburg® has shown that nuclei isolated from red blood 
cells of birds by alternate freezing and thawing (which destroys the cyto- 
plasm but leaves the nuclei intact) absorb oxygen at a rate comparable 
with the absorption by uninjured cells. 

Some more recent investigations, on the other hand, indicate that the 
nucleus plays only a secondary' part. Wherry® finds that methyl green is 
oxidized in the cytoplasm of species of Amoeba, but never in the nucleus. 
Schultze*® investigated various plant and animal cells and found several 
stains to be oxidized in the cytoplasm but not in the nucleus, as was shown 
by change in color. In Lillie’s** more recent contribution to this subject 
he brings forward evidences to show that the oxidative activity of the 
nucleus, described by' himself and other investigators, is due not to the 
activity' of the nucleoplasm but to that of the nuclear membrane. Con- 
trary to his previous conclusions, based on similar experiments, he now 

® Loeb, J., Artificial Parthenogenesis and Fertilization, Chicago, 1913. 

* Lillie, Am. Jour. Physiol., 1902, vii, 412. 

® Warburg, 0., Ztschr. f. -physiol. Chem., 1910-11, Ixx, 413. 

' IVherry, E. T., Science, 1913, xxxvii, 90S. 

*“ Schultze, W. H., Vcrhandl. d. deutsch. path. Gesellsch., 1913, xvi, 161. 

** Lillie, Jour. Biol. Chem., 1913, xv, 237. 
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believes that otter regions of the cell possess oxidative activity similar 
to that of the nucleus. He reports that the blood cells of the frog placed 
in dimethylparaphenylenediamine and a-naphthol solutions in alkaline 
physiological salt solution, form the first indophenol granules about the 
nuclei iu both erythrocytes and leucocytes; somewhat later the granules 
are formed in the outer layer of the cytoplasm and finally throughout 
the cytoplasm. The fact that granules were first observed to form at the 
nuclear and plasma membranes he considers sufficient proof that the 
membranes are concerned in the oxidation processes leading to the for- 
mation of the indophenol. Lillie suggests that this action of the mem- 
brane may be due to variations in its electrical polarization; in support 
of this conclusion he states that by subjecting the blood preparations to 
an induction shock the rate of oxidation was increased to a marked degree 
in leucocytes and slightly in erythrocytes. He assumes that the granules 
which eventually appear throughout the cytoplasm form at colloidal sur- 
faces or phase boundaries inasmuch as no definite membranes occur in the 
cytoplasm, the potentials of which would vary, as of the more conspicuous 
membranes. He accordingly concludes that the chief rdle in oxidation 
is to be assigned to these “intracellular surfaces or phase boundaries.” 
And, though no direct evidence is brought forward, the assumption is 
made that "the oxidases play but an accessory part” in intracellular 
oxidations. 

With the view of determining the correctness of this latter 
assumption various plant and animal cells were investigated. 
Plant cells, on account of their various conspicuous semi-perme- 
able surfaces, are particularly suitable for such investigations. 
Epidermal and hair cells from various roots and leaves, cells and 
coenocytes of algae and fungi supplied suitable and convenient 
material. 

The lower epidermis of onion bulb leaves was particularly good 
for this purpose on account of the large size of the cells. Small 
pieces of the tissue were stripped from the leaves and placed on a 
slide in a few drops of a mixture containing equal parts of a 
watery solution of 1 per cent paraphenylenediamine and satu- 
rated «-naphthoI (referred to hereafter as 1 per cent Spitzer’s re- 
agent) to which was added sufficient neutral hydrogen peroxide 
to make the concentration 0.1 per cent. The reaction was then 
observ'cd under a magnification of 250 or 500 diameters. In a few 
seconds the formation of dark purple granules of indophenol 
could be detected, appearing in a perfectly definite manner, first 
within the thin layer of protoplasm which surrounds the vacuole, 
particularly, it seemed, at the outside; and at the same time, or 
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usually somewhat later, on the surface of the nucleus. 
Although exhibiting some Brownian motion the granules did not 
appear to migrate from their place of formation, yet the granu- 
lated areas gradually extended until all the cytoplasm became 
uniformly dotted with them in the course of five to ten minutes, 

By tearing pieces of the epidermis straight across (at right 
angles to the long axis of the cells) various sized pieces of similar 
cells were obtained. These, except for the torn end, appeared 
normal; the cytoplasm remained pressed against the cell wall, 
and the nucleus, where it had not been removed, appeared in its 
normal position. On flooding these cells with the reagent and 
keeping them under observation, it was seen that granules began 
to appear in the torn cells instantly and long before they ap- 
peared in neighboring intact cells. Just at the tear there was a 
disorganized area where the granules formed somewhat irregu- 
larly; but a short distance within the cell (two or three times the 
thickness of the cytoplasmic layer) the granules made their first 
appearance just inside the exposed surfaces of the protoplasm and 
simultaneously on the surface of the nucleus. Apparently the 
penetration of the reagent to the nucleus was not delayed here, 
as in the case of intact cells. The photomicrograph (Figure 1 D) 
of such a piece of tissue shows granules equally abundant in in- 
tact cells and in cell fragments. This figure also shows granules 
in pieces of cells from which nuclei had been removed. These 
granules formed quite as rapidly and in the same definite posi- 
tions as in torn cells containing a nucleus or in normal uninjured 
cells. 

Epidermal cells from other leaves behaved like those of onion; 
particularly good results were obtained with those from Ins 
leaves, where it was also possible to separate cells into a nucleated 
and non-nucleated part. As in the former case, indophenol 
granules formed in the absence of the nucleus quite as rapidly as 
where it was present. 

Similar results were obtained with various root-hair cells; after 
standing a few minutes in Spitzer’s reagent, indophenol granules 
appeared in the thin peripheral layer of cytoplasm and distinctly 
in the cytoplasmic bands crossing the vacuole. When the nucleus 
occurred in the projecting portion of the cell, i.e., in the hair 
(where it could be easily observed) it was apparent from the 
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larger number of indophenol granules that the region of the 
nuclear 'wall possessed active oxidative properties. Since the 
nucleus is frequently, or usually, in the basal part of these hair 
cells, by cutting off the projecting part near the root proper 
large pieces of cells without nuclei were obtained; As would be 
expected from the previous experiments oxidations took place as 
in intact cells. 

Filaments of different species of Spirogyra, when placed in the 
same concentrations of Spitzer’s reagent and hydrogen peroxide 
as used in the former experiments, rapidly formed indophenol 
granules in the cj-toplasmic layer and in some cases also about the 
surface of the nuclei, but in the majority of the cells examined 
practically no granules were formed in the cytoplasm adjoining 
the nucleus. Similarly in the coenocytes of Vancheria the regions 
about the nuclei occasionally appeared most active in forming 
indophenol; but usually after a few seconds of exposure to the 
reagent the filaments became uniformly dotted with the purple 
granules. The mycelia of a species of Saprolegnia, and one of 
Mxtcor rapidl}' effected the oxidation of the reagent, but the indo- 
phenol appeared so uniformly and densely throughout the cyto- 
plasm that the nuclei could not be detected. 

It would seem, therefore, that the function of the nucleus in 
respiratory^ processes has been over estimated. Since in those 
cells where the region about the nucleus was most active in bring- 
ing about oxidation the removal of the nucleus appeared in no 
way to diminish the general oxidative activity of the cjdoplasm; 
and since in other cells the nuclear region possessed no oxidizing 
ability, it is evident that the nucleus may not be essential to or 
even play a primary part in cellular oxidations. 

The fact that no oxidation takes place about certain nuclei is 
particularly important. If, as Lillie supposes, intracellular oxi- 
dations are effected by electrical phenomena at membranes, the 
question maybe asked: UTiy do indophenol granules not form at 
all nuclear membranes, especially when this oxidation is proceeding 
in other parts of the cell? 

In this connection it is an interesting fact that granules of indo- 
phenol have never been observ'ed to form at plastid membranes; 
this is particularly interesting since the plastid surfaces, in many 
species of plants if not in all, are of a semi-permeable character 
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similar to other membranes of the cell. In cells of Spirogyra I 
Zygnema, and Vaucheria, notwithstanding the large area of mem- I 
brane exposed by the chromatophores, there appeared to be no ' 
tendency for the granules to form more rapidly or in larger num- 
bers at the surfaces of the chromatophores than in other regions 
of the cytoplasm. Leaves of Elodea and Bryum and teased out 
mesophyll cells of leaves of Tradescaniia gave a better opportunity 
for observation than the algae mentioned above, as the chloro- j 
plastids are more regular in outline; but here, as in the algae, the I 
chloroplastid membrane is quite inactive in oxidation. Similarly 1 
in fresh sections of potato, indophenol appeared at the surface of | 
leucoplastids and of starch grains only after the surrounding ' 
cytoplasm had become filled with the granules. 

These facts indicate that if the cell membranes possess any | 
oxidative activity their sphere must be limited to special cases. ; 
More illuminating evidence, however, was obtained by treating -■ 
various cells with killing agents and then testing their ability to j 
produce oxidation. A description of these experiments follows. 

The Direct Relation of the Oxidases to Indophenol Formation. 

The writer has observed that after standing for some minutes 
in 1 per cent solution of Spitzer’s reagent many of the cells on ' 
which he was experimenting appeared more or less disorganized 
and apparently dead. In these cases the application of CaCNOj): 
produced no plasmolysis, thus indicating that the plasma mem- 
brane had become perfectly permeable. On treating different ) 
preparations of the epidermal cells of onion with Ca(N 03 ) 2 , at' 
frequent intervals after adding the indophenol-forming solution 
of the concentration usually employed (1 per cent of the combined 
salts and 0.1 per cent of hydrogen peroxide) it appeared that two 
minutes’ exposure to the latter was sufficient to destroy the ability 
of the cells to undergo plasmolysis. But notwithstanding the 
great alteration of the plasma membrane and phase boundaries 
which is indicated by this failure to plasmolyze the oxidation con- 
tinued quite as rapidly as before. 

To test further the relation of the semi-permeability of the 
membranes to oxidation, cells were killed in a variety of ways 
before placing them in the oxidizable reagent. Pieces of onion 
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epidermis were placed in chloroform, toluene, and in 1 per cent 
solutions of chloral hydrate and of urea for two minutes, then re- 
moved to distilled water for five minutes, and then placed in the 
indophenol solution previously used. In all these cases granules 
of indophenol formed in these cells exactly as they did in cells that 
were alive when the reagent was added. In some cases the re- 
action was even more rapid in the dead cells; this was probably 
due to increased permeability to the reagent. Figure IE shows 
cells (which had previously been chloroformed) after standing five 
minutes in Spitzer’s reagent. Root-hairs of wheat, barley, 
Tradescantia, filaments of Spirogyra, Zygnema, and VaucTieria, my- 
celia of Mucor and Saprolegma, after treatment with chloroform 
or chloral hydrate formed indophenol granules just as rapidly as 
before treatment. 

The above killing agents are knowm to have veiy little if any 
harmful action on the oxidases. Extracts of bran and potatoes 
in the presence of any one of these activate the oxidation of Spit- 
zer’s reagent to the same extent as the untreated extracts. 

Certain other killing agents have quite the opposite effect on 
the formation of intracellular granules of indophenol. In all the 
experiments just described, in addition to using chloroform, ether, 
toluene, chloral hydrate, and urea, portions of all the material 
were also placed in 1 per cent potassium cyanide solution, 
0.1 M HCl, 0.1 M NaOH, or in live steam, for two minutes, then 
removed to distilled water for five minutes, and finally placed in 
Spitzer’s reagent and hydrogen pero-xide. After this treatment 
none of the material, whether belonging to spermatophytes, algae, 
or fungi, formed indophenol granules in the cells. These killing 
agents, however, probably have no more destructive effects on 
the membranes and phase boundaries than those previously used, 
although both render them perfectly permeable; but potassium 
cyanide, mineral acids, strong alkalies, and high temperatures 
always completely inhibit the action of oxidases. 

Summarizing these observations, it appears that the oxidation 
of Spitzer's reagent in plant cells frequently proceeds most rap- 
idly in the region of semi-permeable membranes; yet many nu- 
clear, and all the plastid surfaces observed showed no such activit 3 '; 
the oxidation is not prevented bj’’ the destruction of the mem- 
branes, but is completelj’ stopped by the addition of agents which 
inhibit oxidases. 
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Evidence from Animal Tissue. 


A. Nerve Tissue . — The ventral nerve cord of the crayfish sup- 
plied animal material in which comparatively large masses of 
tissue, almost free from nuclei, could be isolated by simply cutting 
the connecting nerve cord awaj’- from the ganglia. The entire 
nerve cord of an animal killed by bleeding was removed and placed 
in 1 per cent solution of paraphenylenediamine and a-naphthol 
(equal parts), in 0.125 m NaCl. The solution was placed in a 
shallow watch glass. In about half a minute the ganglia showed 
a faint purple color, soon followed by the appearance of a similar 
color in the connectives. The color in both regions rapidly deep- 
ened until at the end of thirty to forty-five minutes the entire 
cord presented a uniform deep purple appearance. 

Frozen sections cut longitudinally through the ganglia and 
nerve cord show the granules to have formed throughout the 
tissue both in the nerve cells and fibers, and to some extent also 
in the connective tissue cells. The granules showed a marked 
tendency to aggregate in certain regions, but without reference, so 
far as could be detected, to any cellular or intracellular structures. 

Subjecting the nerve cord to a rather vigorous induction shock 
(10 milliamperes) for two minutes after placing it in the indo- 
phenol-forming solution markedly stimulated the oxidation. 
While in the unstimulated condition thirty to forty-five minutes 
were required to reach the maximum color, fifteen to twenty-five 
minutes were sufficient after stimulation. 

Segments of the cord from between the ganglia, under similar 
conditions of stimulation, formed indophenol just as rapidly as 
when the nerve fibers were connected with the nucleated nerve 
cells. The reaction was in fact somewhat more rapid; this was 
probably due to the greater ease with which the reagent pene- 
trated, since the granules formed most rapidly at the cut ends of 
the cord. 

As would be expected from the behavior of plant cells, it w'as 
found that if the nerve cord had been treated with chloroform or 
ether vapor for five minutes and had then been placed in Spitzer s 
reagent the formation of indophenol proceeded at about the same 
rate as in the normal nerve, although usually somewhat more 
.rapidly. After treating with steam, potassium cyanide, hydro- 
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chloric acid, or sodium hydroxide, thereby destroying the oxi- 
dases, there was no formation of indophenol in any part of the 
nerve cord even after standing some hours in Spitzer’s reagent. 

These results have some bearing on the observations of Tashiro’= 
regarding respiration in resting and stimulated nerves. By 
means of his delicate apparatus Tashiro was able to show that 
carbon dioxide is given off from both medullatedand non-medul- 
lated nerve fibers and that the amount produced is greatest dur- 
ing stimulation and least under anesthesia. It was therefore con- 
cluded that conduction of nervous stimuli is of the nature of a 
propagated chemical change. The present experiments have 
shown that oxidation processes go on in both nerve cells and their 
fibers, under the activation of oxidases; and that the rate of this 
reaction is increased by stimuli which cause nervous excitation. 
But it was also found that the reaction proceeds without inter- 
ruption after the application of an anesthetic which paralyzes the 
nerve as a conducting organ. Hence it can not be concluded that 
oxidation reactions (such as produce the COj observed by Tashiro) 
are necessarily concerned in the transmission of nerve stimuli. 

B. Blood . — Blood cells of the frog, upon the behavior of which 
Lillie bases his theory of oxidation, were examined to determine 
whether oxidases were concerned in their respiration. 

The blood, immediately after shedding, was mixed with a solu- 
tion consisting of nine volumes of | sodium chloride and one 
volume of “ potassium oxalate, in order to prevent clotting and the 
breaking dorni of leucoc 3 des. A few drops of the suspension of 
corpuscles were then mixed on a slide with an equal amount of 
Spitzer’s reagent which was freshly prepared by mixing a satu- 
rated solution of a-naphthol in alkaline isotonic salt solution 

NaCl containing xfv Na^COj) with an equal volume of 1 per 
cent paraphenylenediamine in ~ NaCl. In such a mixture re- 
actions similar to those reported by Lillie^ were observed to take 
place. On exposure to the air, without a cover glass, granules 
could be detected in the leucocytes after two or three minutes, 
forming first about the nucleus or the plasma membrane; in the 
erythrocjdes after five or ten minutes forming in similar positions. 

’’Tashiro, S., Am. Jour. Physiol., 1913, sxxii, 107. Tashiro, S., and 
Adams, H. S., Jour. Btol. Chcm., 1914, xviii, 329. 

“ Lillie. Jour. Biol. Chcm., 1913, xv, 245. 
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After thii’ty minutes’ exposure the leucocytes usually appeared 
quite black, or purple-black, being filled with the granules; while 
the erythrocytes showed a ver 3 '- distinct granulated area about the 
nucleus, or the cell surface, or frequently throughout the cyto- 
plasm. 

On passing an induction shock of 10 milliamperes for three min- 
utes through the preparation immediately after adding the re- 
agent, the reaction in the leucocytes was accelerated so that five 
to ten minutes in the reagent sufficed to produce the same degree 
of color as thirty minutes in the unstimulated condition. The 
rate of reaction in the erythrocytes, however, was not accelerated 
to an appreciable extent. 

Killing agents, as used on plant cells, were then applied. After 
exposing a drop of blood suspension to chloroform vapor for two 
minutes the greater part of the leucocytes broke down, but on 
mixing with Spitzer’s reagent the erythrocjdes formed indophenol 
rather more rapidly than when in their normal condition. Add- 
ing a trace of urea to a mixture of blood and Spitzer’s reagent the 
formation of indophenol apparentlj’’ proceeded as in the absence 
of the cell poison. On treating with steam, potassium cyanide, 
hydrochloric acid, or sodium hydroxide (for the destruction of 
the oxidases) before mixing the blood with the indophenol-forming 
solution, no reaction took place even after some hours. 

It seems apparent, therefore, that in this material, as in that 
previously used, the reaction proceeds after the membranes have 
been destroyed but not after the oxidases have been inhibited. 
It is therefore evident that we are dealing with an oxidase reaction. 
The acceleration due to induction shocks may be explained in 
various ways without having recourse to the polarization of the 
membrane. If it is due to an increase of electrical depolarization 
of phase boundaries, as has been suggested by Lillie, one would 
expect the erythrocytes as well as the leucocytes to be appreciably 
affected, but this is not the case. Furthermore the writer has 
found that in plant cells, such as the epidermis of onion, the root- 
hairs of wheat, cells of Spirogi/ra, etc., induction shocks of 5 to 20 
milliamperes and of various durations have no noticeable effects 
on the formation of indophenol. 

These experiments apparently indicate in a convincing manner 
that oxidase enzymes are the active agents in this intracellular 
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Fig. 1, A, B, and C. Photomicrographs showing the effects of a 
colloid on the formation of indophenol granules. A shows normal crystals 
formed from a watery solution. B and C show granules formed from 
solutions containing different amounts of gelatin. 

D and E. Photomicrographs showing indophenol granules of cells of 
onion epidermis. D shows granules in intact cells and in cell fragments 
with and without nuclei. E shows granules in cells which had been 
chloroformed before adding the indophenol-forming reagent. 
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oxidation. Although Lillie supposed that electrical phenomena 
at phase boundaries may produce some oxidative acthity, it is 
evident that in the oxidation of Spitzer’s reagent these forces have 
little or no effect. If the contentions of Spitzer, Vernon, and 
Lillie be admitted; namely, that the formation of indophenol may 
be taken as a measure of the total oxidative actmty of the cell, it 
may be concluded that the oxidases are the essential agents in 
bringing about this reaction. 




STUDIES OF AUTOLYSIS. 

11. THE ACCELERATION OF LIVER AtJTOLYSIS. 

By H. C. BRADLEY. 

{From the Deparlment of Physiology, University of "Wisconsin, Madison.) 

(Received for publication, June 9, 1915.) 

In the pmaous paper^ were presented the results of a study of 
the effect of manganous chloride upon liver autolysis. Several 
mechanisms by which this salt might bring about the increased 
speed and extent of digestion were suggested. The salt may have 
an activating effect upon a zymogen or already partially active 
enzyme, it may supplj*^ a favorable medium for proteolysis acting 
thus as a coferment analogous to the hydrochloric acid of gastric 
juice, or it may combine with the proteins of the liver and render 
some of them, normally undigested even in prolonged autolysis, 
available for the somewhat specihc erepsin-like enzjTne of the 
liver cell. TiTiile not conclusive, the e\ddence presented in the 
previous paper seemed to point to the last as the most probable 
mechanism. The evidence which is here presented is believed to 
confirm this hypothesis largely by a process of elimination of 
other possible mechanisms. 

If an enzj-me is activated by the salt, or proYuded with a co- 
ferment which renders it more active and less specific, various 
foreign proteins which are normally digestible should in the 
presence of manganous chloride digest more rapidly and perhaps 
more completel}'. Other foreign proteins, which are normally 
not digested by the liver enzymes, might be expected to digest in 
the presence of the salt. On the other hand, if the salt exerts 
its effect by combining with the liver proteins and thus rendering 
them more available for digestion, it should have no effect upon 
the rate or extent of digestion of such foreign proteins as are 
already digestible. Unavailable foreign proteins may or may not 
be rendered available by the salt. 

* Bradiey, H. C., and Morse, ^lax. Jour. Biol. Ckcm., 1915, xxi, 209. 
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The first experiments therefore concern themselves with a study 
of the action of the autolytic enzjones of the liver upon foreign 
proteins, with and without the presence of manganous chloride. 

Experiment I. The Effect of Casein, Peptone, and Boiled Liter 
Proteins on the Avtolytic Reaction. 

As before, 50 grams of the liver pulp were weighed out, the 
extra protein was added where indicated in the tables, and the 
whole made up to a volume of 250 cc. A mixture of chloroform 
and toluene preserved the digests, which were kept at a tem- 
perature of 37°C. The analjdical procedure was exactly as de- 
scribed in the previous paper. Instead of reporting total nitro- 
gen in the 10 cc. sample of the pulp anal 3 '^ 2 ed, the value has been 
calculated for 6.25 cc. of the digest, the amount represented by the 
tannic acid filtrate analj'^zed. The titration figures of the tables 
show clearly what proportion of the protein present is digested 
to a form not precipitated by tannic acid. The figures in the 
tables representing digestions are in ever}’- case cc. of ^ acid. 

TABLE I. 


Cc. ^ HCl. 
0 




IJnys. 

Totil N 


OildLuillb. 

0 

7 

12 

in C.25 cc. 

I 

Control, liver 
“ -1- casein 

“ d- peptone 

“ + peptone 

“ d- boiled liver 

1.4 

4.2 

9.0 

7.4 

15.7 

8.9 

4.4 

11.8 

II 

2.5 

9.1 

15. ‘1 

Ill 

2.5 

7.3 

16.6 

IV 

3.8 

15.4 

29.4 

V 

2.6 

8.8 

23:3 




It will be seen that the addition of these foreign proteins affects 
the reaction exactlj’- like the addition of manganous chloride. 
The curves rise more rapidly than the control and reach equilib- 
rium at a higher amino-acid level. And yet this change in the 
reaction is clearl}’- not due to activations, or coenzymes, but to the 
increased mass of substratum present in the mixtures. The 
added 50 grams of boiled liver double the digested nitrogen, 
although no enz 3 ’^me has been added. 
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TABLE II. 


Cc. Y HCl. 







Net increase. 

Total N 
in 

6.25 cc. 

No. 

Contents. 



Days. 





20 

24 

30 

4 

10 


I 

Control, liver 

4.6 

i 

4.7 

4.8 

0.1 

m 

9.4 

II 

C -f MnCU 

4.8 

5.9 

6.5 

1.1 

m 

9.3 

Ill 

C peptone 

6.0 

8.5 

8.9 

2.5 

2.9 

13.7 

IV 

C + peptone -t- MnCh 

5.4 

8.9 

9.6 

3.5 

4.2 

13.6 

V 

C -p albumin 

3.9 

4.4 

4.7 

0.5 

0.8 

13.8 

VI 

C -t- albumin -f- MnCh 

4.4 

5.4 

6.4 

1.0 

2.0 

12.5 


C casein 

4.5 

6.8 

7.S 

2.3 

3.3 

11.3 


C + casein + MnCh 

4.3 

7.2 

8.0 

2.9 

3.7 

10. G 

IX 

C -f boiled liver 

4.7 

5.0 

5.7 

0.3 

1.0 

11.9 

X 

C-f-boiled liver-l- 
MnCh 

5.0 

6.4 

7.5 

1.4 

2.5 


XI 

C + edestin 


4.7 

5.0 

0.0 

0.0 

12.8 

XII 

C -H edestin -f MnCl» 

Bl 

6.2 

7.8 

1,1 

2.7 

12.8 


In this case it is clear that the presence of manganous chloride 
has not increased the digestion of peptone in the least, the figures 
2.5 and 2.7 being practically identical. Analysis of all the 
figures of the table shows that casein and boiled liver are botli 
digested to the same extent whether manganous chloride is 
present or not. Edestin, on the other hand, while not attacked 
by the untreated liver, does appear to be digested by the combined 
action of liver and the salt. Ovalbumin is not digested in either 
case. Albumin has been tried a number of times, always with 
negative results, or ivith indications of inhibition of autolysis of 
the liver itself, as is shown in Table III. 

This experiment also indicates that while albumin is not di- 
gested by the liver enzymes even in the presence of a favorable 
amount of the salt, it is digested quite considerably in the pres- 
ence of hydrochloric acid. 
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cc. 

1. Net gain of liver alone 3-9 

2. “ “ “ “ and MnCU 6.0 

3 II II ir “ “ JJQl 5.0 


4. Gain of liver, albumin, and MnClj 5-9 

5. Digestion of albumin 0.0 

6. Gain of liver, albumin, and HCl 10.0 

7. Digestion of albumin -^-5 

The fact that the acid renders the digestion of albumin pos- 
sible, while the salt does not, although the salt does render the 
digestion of edestin possible, is difficult to understand on the 
basis of an activation phenomenon. It would seem to implj^ the 

T.\BLE III. 


Cc.jHCl. 


No. 

Content^!. 

Days. 


0 

1 

z 

6 

12 

6.25 cc. 

I.... 

Control, liver 

1.6 

■ 

3.2 

3.5 

1 5.5 

' 9.75 

II.... 

j C + albumin 

1.7 

n 

3.1 

3.6 

4.0 

11.4 

III.... 


1.4 

3.5 

5.3 

6.4 


10.9 

IV..,, 


1.7 


4.6 

6.9 

D 

9.7 

V.... 

C + albumin + HCl 

1.5 

6.9 

131 

10.4 

11.5 

m 

VI..., 

C + HCl 

1.3 

5.2 

Urn 

6.2 

6.8 

Wm 


activation of one set of enzj-mes by the salt, and another set by the 
acid. The first set can digest edestin and more of the liver than 
normally, while unable to catalyze the hydrolysis of albumin. 
The second set can in addition digest albumin. Neither of these 
sets of enzj-mes is active in autolysis under normal conditions. 

In the preceding figures and analyses comparisons of digestions 
have been made after autob'sis has gone on for about ten daj-s and 
equilibrium has been at least approximated in most cases. The 
results show that manganous chloride does not influence the 
amount of casein or peptone hydrolyzed at the end of that time. 
So far as the equilibrium between peptone or casein and their 
products is concerned, the salt is without effect. Does it have 
an effect upon the speed of the reaction? To determine this 
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point an analysis of the earlier stages of the reaction must be 
made. Any change in the amount of the enzyme present, or in 
its activity, should appear most clearly during the first few days 
of the autolysis. While equilibrium is determined by the active 
masses of protein substratum, the speed will be expressive also of 
the amount of the enzyme or its activity. If the manganous salt 
activates a zymogen, that fact will be evident in the increased 
speed of the reaction at first in the case of peptone, casein, and 
boiled liver. In Table IV are tabulated the results of an experi- 
ment made to determine this point. 

TABLE IV. 


Cc. ~ HCl. 


No 

Contents, 

Days. 

Initial aver- 
ages 

Net gains 

Tot'll N 
in 6 ?5 
cc 

Dnjs. 

0 

2 

7 

12 

2 

7 

12 

I 

Control, liver 

n 

3 .I 

4 2 

4 4 

1 5 

2 0 

2 7 

2 9 

II 8 

II 

C -1- MnClj 

■I 

7 0 

8 5 

9 4 

1 5 

85 

7 0 

79 

12 0 

III 

C -f casein 

2 5 

7 8 


0 1 

2 5 


6 5 

m 


IV 

C casein -I- MnClj 

2 5 

9 3 

12 0 

12 8 

2 5 


9 8 

li 

m 

V 

C + peptone 

2 5 

0 3 

7‘4 

7 3 

2 3 

4 0 

5 1 

5 0 

IG G 

VI 

C + peptone + MnCIi 

2 0 

10 0 

11 9 

13 0 

2 3 

7 7 

9 G 

11 7 

17 0 

VII 

C 4- boiled liver 

2 G 

7 0 

8 9 

8 8 

2 5 

4 5 

7 4 

m 

23 3 

VIII 

C -f boiled liver 4- MnClj 

2 4 

10 8 

14 4 

15 5 

2 5 

8 3 

11 9 


23 5 


The curve illustrates what an analysis of the figures proves: 
There is no significant acceleration of the digestion of normally 
available foreign proteins in the presence of manganous chloride 
during the early stages of the reaction. 

These results are important, since they strongly'- negate two of 
the hypotheses presented in the former paper to account for the 
accelerating action of manganous chloride. If an enzyme were 
activated from an otherwise inactive zy’-mogen, we should find 
more rapid digestion of all fractions of the substratum — casein, 
peptone, and coagulated liver proteins. We should find the same 
if a coferment gave increased activity to the already active en- 
zymes present. But -we find that casein and peptone digest at 
the same rate and to the same degree whether manganous chloride 
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is present or not in the liver pulp. The effect, therefore, of the 
salt cannot be one of activation. On the other hand, these re- 
sults tend to confirm our original hypothesis, that the action of the 
salt is wholly upon the liver proteins, converting them into pro- 
teins -which, like peptone and casein, are readily hydrolyzed by 
the enzymes already present. It remains to detemune the 
nature of this alteration of the proteins. 

In the literature cited in the previous paper, the fact seems 
well established that the folio-wing electrolytes accelerate and in- 
crease the degree of autolysis of liver pulp: ferric chloride; ferrous 
sulphate, oxalate, and chloride; manganous sulphate, acetate, and 
lactate; lead acetate; the chlorides of platinum, gold, aluminum, 
and cobalt; and the nitrate of cobalt. We have shown in the 
previous paper that zinc sulphate accelerates -within narro-w 
limits of concentration, and we have confirmed the action of 
ferric chloride and of other salts of manganese. The latter have 
been investigated in detail bj’ Mr. Robert Parsons in this lahora- 
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tory and appear in his Bachelor’s thesis. Some of these results 
are presented in Table V. 


TABLE V. 


No. 

Contents, 1/25 mol. 


Days. 


Net 

0 

n 

2 

10 

gain. 

I .... 

Control 

1.4 

4.2 

4.3 

4.5 

3.3 

II .... 

Manganous citrate 

1.2 

5.5 

6.6 

9.1 

7.9 

Ill ... . 

“ lactate 

1.5 

6.0 

6.9 

8.9 

7.4 

IV ... . 

“ tartrate 

1.3 

6.2 

6.3 

8.7 

7.4 

V .... 

“ ammonium sul- 

phate 

9.5 

15.0 

15.3 

16.5 

7.0* 

VI ... . 

“ nitrate 

4.3 

8.6 

9.6 

9.7 

5.4* 

VII ... . 

“ phosphate 

1.2 

3.8 

4.5 

5.3 

3.1 

VIII .... 

“ acetate 

1.3 

4.8 

5.4 

6.1 

4.8 


The high nitrogen level of these digests is due to the nitrogen added 
in the salt molecule. 


While the maximum effects of the soluble salts of manganese 
may be produced at different concentrations, nevertheless the re- 
sults as a whole are consistently alike. All of the soluble salts 
tried exert a profound effect upon the reaction, and under chosen 
conditions for each salt produce about the same optimum diges- 
tion. The nearly insoluble phosphate has little or no effect, 
while the carbonate inhibits autolysis. The action of these 
salts, together with those reported in the literature, suggests some 
common factor which acts upon the liver proteins and renders 
them available. The metallic ion appears to be one common 
factor, acidity the other. All of the salts mentioned as accelerat- 
ing this reaction are electrolytes which hydrolyze in water with 
the production of free hydrogen ions, and either basic salts of the 
metals or hydroxides of low dissociating power. These salt solu- 
tions are thus all more or less distinctly acid. It is well known 
that acids accelerate the autolysis of certain tissues — ^notably the 
liver — and the single test reported in Table III illustrates this 
fact. Furthermore, the salts of calcium, sodium, potassium, and 
magnesium, which are reported in the literature as having no 
accelerating action on liver autolysis, are all salts which do not 
develop acidity by solution in water. It seemed probable there- 














H. C. Bradley 


121 


fore that the whole phenomenon of accelerating liver autolysis 
by metallic salts might be referred to their potential acidity. 
While the concentration of H ions in a 1/10 mol. solution of 
manganous chloride is exceedingly low, compared with an equi- 
molecular solution of hydrochloric acid, any reaction which fixed 
the free ions — as by combination with the proteins, for example — 
would upset the equilibrium of the system and lead to further 
hydrolysis of the salt with the production of more H ions. In the 
presence of sufficient excess of the electrolyte this reaction should 
continue till the proteins become saturated with acid. If hydro- 
chloric acid itself were used the same proteins should become 
saturated. If now the digestibility of these acid-combinedpro- 
teins depends upon the combination, we should expect the opti- 
mum concentration of HCl in a given digest to give results iden- 
tical with those produced by the optimum concentration of 
manganous chloride. That this is the case is shown by the next 
experiment. 

TABLE VI. 


Cc. ^ HCl. 


No 

Conlenls 

Da>a. 

Total 
N in 

6 25 
cc. 

Per cent 
digested 
m 12 days. 

0 

I 

o 

7 

12 

48 

I 

Control 

1 6 

4 I 

5 6 

6 4 

67 

e 7 

11 4 

58 5 

11 

VIOM-Moca 

1 C 

5 0 

8 7 

0 3 

9 9 

10 7 


86 5 

ni 

l/IO M HCl 

I 4 

1 6 

! 6 

1 G 

1 6 

1 6 

n 5 

0 0 

IV 

1/ZO " 

I 5 

6 8 

8 7 

9 7 

9 9 

10 0 

n 5 

86 5 

V 

I/SO '■ 

1 6 

6 7 

8 0 

10 0 

10 0 

10 0 

11 3 

87 4 

VI 

1/100 “ 

1 6 

5 0 

7 7 

9 0 

9 1 



79 5 

\Tl 

1/200 " 

I 6 

4 7 

6 7 

7 6 

8 0 



60 9 

vni 

1/500 “ 

1 G 

4 2 

5 9 

6 5 

G 9 



60 3 

IX 

1/If»0 “ 

I 6 

4 2 

6 2 

G 8 

6 7 



88 5 

X 

1/2000 " 

I 7 

4.1 

6 2 

6 9 

7 X 



62 0 


A'etBEeie Average 11 4 


The identity of the results at optimum concentrations of salt 
and acid indicates an identity of the mechanism. The chloride 
ion and the acidity are common factors here. With the various 
salts of manganese, the metallic ion and the acidity were common 
factors. Chlorides of sodium and potassium have no action. 
Acidity appears therefore to be the only factor common to all the 
reagents thus far considered, and it is well known that acids 
combine with and alter proteins. It should be noted that a 








122 


Studies of Autolysis 


small excess of hydrochloric acid is sufficient to destroy the 
enz 3 '^me. Destruction occurs at about the level of H ions indi- 
cated by methyl orange and Congo red. At no concentration of 
the manganous salt is this H ion level approached. We get no 
marked inhibition therefore by increasing the concentration of the 
manganous salt far beyond the optimum for the reaction. In- 
deed, autolysis goes on very well in 1 mol. solutions, or about 20 
per cent MnCl 2 4H20. 

It is evident that liver proteins are susceptible to alteration at 
a much lower concentration of H ions than such a protein as 
ovalbumin, for example. Liver proteins are altered by the 
acidity of manganous chloride; albumin requires hydrochloric 
acid itself before it is sufficiently modified to digest. The con- 
centration of the hydrogen ion necessary for the alteration of 
tissue proteins is obviously of considerable physiological signifi- 
cance, as manj'- different lines of investigation have recently 
shown. Fluctuations of acidity occur within the cells them- 
selves; they are sensitive to reduced oxidation and react to in- 
jury with the production of acid. The blood itself fluctuates 
normally within limits, and under pathological conditions acidity 
may increase markedly. Such increased acidity is marked by n 
shift in the salt balance of the blood and tissue fluids toward an 
abnormal excess of the acid phosphates and bicarbonates, as has 
been shown by Henderson.^ To what acidity the liver and other 
tissues are sensitive, as determined by increased autolj^sis, is one 
of the problems on which we expect to report shortl 3 \ 

SUMMARY. 

1. Casein, peptone, and coagulated liver proteins are digested 
b 3 '- the autolytic enzymes of the liver. Their addition gives 
exactly the same type of curve of acceleration and altered equilib- 
rium as the addition of manganous chloride. 

2. The presence of manganous chloride does not lead to an in- 
crease in the rate or the extent of digestion of casein or peptone. 
The action of the salt cannot therefore be due to an activation 
phenomenon or to action as a coferment leading to greater enzyme 
activit3r. 

- Henderson, L. J., Am. Jour. Physiol., 1908, xxi, 427. 
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3. Edestin is not digested by the liver enzjones under normal 
conditions, but is digested when manganous chloride is present. 

4. Ovalbumin is not digested by the liver enzjTnes, with or 
without the presence of manganous chloride. It is digested, 
however, when hydrochloric acid is present. 

5. All of the soluble salts of manganese investigated accelerate 
and increase liver autotysis. The phosphate which is practically 
insoluble does not. The carbonate, which prevents the formation 
of the normal acidity of the liver pulp, inhibits autolysis. 

6. A low concentration of hydrochloric acid accelerates the auto- 
lysis of liver and leads to a shift of equilibrium identical with that 
induced by the optimum concentration of manganous chloride. 
The mechanism of this acceleration, and that produced by other 
electrolytes, is probably the same, the alteration of liver proteins 
by acids rendering them available substrata in the reaction, 

7. A very low concentration of the H ion is sufficient to induce 
alteration of the indigestible liver proteins and render them 
digestible. A 1/200 mol. hydrochloric acid solution gives marked 
acceleration; a 1/100 mol. solution of manganous chloride does the 
same. While the H ion concentration of the latter is much less 
than that of the hydrochloric acid, fixation of the ions by proteins 
leads to further hydrolysis of the salt with the production of 
more acid. 

8. Edestin, like liver proteins, appears to be sensitive to a low 
acidity. Ovalbumin requires a higher concentration of acid be- 
fore it is altered sufficiently to be digested by the liver enzymes. 

9. It is believed that many of the phenomena of autolysis in 
the body, such as atrophy, necrosis, involution, etc., will be found 
to depend upon the mechanism here described. In all such tissues 
as are altered by a low acid concentration in the same sense as is 
the liver, the development of such aciditj- uill ha-ve two effects; 
(1) it will remove the inhibitorj- alkalinity, and (2) alter the pro- 
teins with a resulting increase in the mass of substratum. These 
two factors will lead to autolysis in vivo with diminution in size, 
or complete disappearance of cells, as the case may be. 




THE ROLE OF HALOGENS AS ACCELERATORS OF 
TISSUE ENZYME ACTION. 

B'f MAX MORSE. 

(From Ike Deparlmenl of Physiology, UnirersUy of Wisconsin, Madison.) 

(Received (or publication, June 8, 1915.) 

It has been the experience of several workers that iodine and 
iodine compounds exert a more or less definite effect upon the 
rate of autolysis in various mammalian organs. 

Thus Stookey' reported that when potassium iodide was fed to dogs and 
autolysis studied in the excised livers, an acceleration of rate was demon- 
strable. Kcpinow- likewise found acceleration of rate in the case of in- 
travenously injected potassium iodide in rabbits; but when this compound 
was added to a digest, no acceleration resulted. Iodine, however, when 
thus added gave evidence of inducing acceleration. Kaschiwabara’ re- 
viewed the work of Kepinow and after checking up the results in the light 
of more acceptable methods, subscribed to an acceleration such as the 
German worker had described. RTien Lugol’s solution was injected intra- 
venously, slight modification of rate was observed. Gideon Wells* came 
to the conclusion that when thyroid tissue was added to a digest of dog 
liver, no modification of rate was observed. 

This obsenmrion, along with the others reported in the pre- 
ceding paragraph was of interest in the studies which the writer® 
has been making upon the subject of atrophy, and has inspired 
the following experiments. 

An c.\-amination of the effects of the following reagents has 
been made: 

‘ Stookey, L. B., Proc. Soc. Exper. Biol, and Med., 1907-09, v-vi, 119. 

- Kepinow, L., Biochem. Ztschr., 1911, xxxx'ii, 238. 

’ K.aschiwobar3, M., Ztschr. f. physiol. Chem., 1912, Ixxx, 45. 

* Wells, H. G., dm. Jour. Physiol., 1904, xi, 351. 

^MQrsc,'M., Proc. Soc. Exper. Biol, and Med., 1912, x, 31; 1914, xii, 232; 
Jour. Biol. Chem., 1914, xix, 421; Am. Jour. Physiol., 1915, xxxvi, 145. 
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Iodine. 

Iodine in potassium iodide. 

Potassium iodide. 

Thyroid tissue. 

Iodized albumin from blood. 

Bromine water. 

In addition, thyroid was studied in its effects in dogs when 
fed per os. 

Iodine. — ^Merck’s resublimed iodine scales were used, these being added 
to pig liver hash® in percentages of from 0.5 to 5 per cent. When the scales 
were added at room temperature, and again if they were added to different 
hash at’0°C., no different results were obtained.’ In percentages of 1 per 
cent or below, a small acceleration was observed; in larger amounts, dis- 
tinct inhibition obtained. The effect of adding iodine to a protein digest 
has not been investigated, as far as I have been able to ascertain. 



® For the method consult Bradley, H. C., and Morse, M., Jour. Biol. 
Chem., 1915, xxi, 209. 

’Oswald, A., Zlschr. f. physiol. Chem., 1909, lix, 321. 
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Iodine in Potassium Iodide— Viben iodine is passed into a solution of 
potassium iodide in water, the following reversible reaction occurs: 

There are, then, three possibilities for effects in Lugol’s solution, besides 
the K- ion. In small amounts, where the calculated iodine content is at 
or below 1 per cent, a slight acceleration occurs, but in larger amounts 
inhibition takes place. There is good reason to believe that the same 
factor is operative here as in the case of the scales, and it is doubtful that 
any effect can be attributed to the molecular potassium tri-iodide, the 
molecular potassium iodide, or to the potassium ion. 

Potassium Iodide . — In concentrations of KI from 0.2 to 1 per cent, a 
slight acceleration occurs, while in larger amounts (5 per cent = 3.75 per 
cent I), inhibition takes place as in the two preceding instances. Here, 
again, it appears that the modification in rate has to do with the iodine 
content. 

Thyroid Tissue. — ^.-Vcmour's and Parke Davis and Co.’s desiccated thy- 
roids were used as reagents. The rise in tannic acid non-precipitable ni- 
trogen in all strengths of thyroid added to the pig liver hash was marked. 
A significant feature of the results was that with added percentages of thy- 
roid, a corresponding increase in amount of the soluble nitrogen appeared. 

This fact leads to the question whether the apparent accelera- 
tion is not due to the amount of added substrate. The same phe- 
nomenon obtains in the case of the iodized protein, to be men- 
tioned in the following section. An experiment which to raj' 
mind is practicallj' conclusive on the problem is the following: 

A dog liver digest had been running in the thermostat until a plateau 
had been reached. On the fourth day after the equilibrium had been es- 
tablished, thyroid in known quantity was added (0.4 per cent of desiccated 
thyroid). Immediately a rise in the curve of soluble nitrogen was ob- 
served, which continued at uniform acceleration for four days. 

In view of this result, and considering the slight effects which 
have been observed when iodides and iodine alone are used, it 
seems that the marked rise in thjToid digestion is due to the 
added substrate, rather than to anj' true acceleration of autolj'z- 
ing enzj'me. The results, then, would be in harmonjf with those 
obtained bj' Wells^ upon different material and with different 
methods. 

Iodized Blood Protein.— The commercial “lodalbim” was used. The 
capsules were emptied, the contents weighed into the hash and the digest 
left at the temperature used throughout, ST'C. Here, os in the case of the 




Chart II. 
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thyroid, a pseudo-acceleration was observed. Here, too, a concomitant rise 
in soluble nitrogen took place pari passu with the added substrate. 

Bromine Water . — ^Liquid bromine was added in concentrations of from 
0.05 to 0.5 per cent of the hash. The acceleration was consistent and var- 
ied directly with the concentrations. 

Inasmuch as hydrobromic acid is formed when liquid bromine 
is added to aqueous solutions of proteins, and since increase in 
acidity seems everywhere to accelerate autolysis, it is to be ex- 
pected that a true acceleration due to the increase of hydrogen 
ion concentration takes place here.® Hydrogen iodide likewise 
is formed in small quantities under similar circumstances, and 
this factor may be operative in the slight accelerations observed 
with iodine and its compounds; but there seems to be either ad- 
sorption or chemical combination of the acid; for the acidity of a 
protein aqueous solution to which iodine has been added is 
less than that of an aqueous solution of iodine alone. The well 
known masking of acid by gastric digests is a similar phenomenon. 
Iodine added to starch solutions, amino-acids, such as tyrosin, 
etc., produces hydrogen iodide and the latter also probably forms 
in the presence of proteins. 

Thyroid Fed Per Os . — ^Two dogs of similar weight were selected and fed 
250 gm. of lean meat daily for a period of two weeks. On alternate days 20 
gm. of desiccated thyroid or the equivalent of fresh gland calculated for 
the same iodine content were added to the food of one of the dogs, desig- 
nated “Experiment,” the other being the “Control,” At the end of the 
period the two dogs were simultaneously killed by chloroform, the livers 
e.xcised as rapidly as possible, ground, meshed, weighed, and otherwise 
prepared for the digest. The rate of autolysis was followed in the same 
way in all the experiments of the series. The results show the correspond- 
ence to the results of Wells with thyroid added to the hash. There is, in 
other words, no apparent modification of rate. 


CONCLUSIONS, 

The following conclusions are warranted : 

1. Iodine and its compounds of inorganic nature may slightly, 
but only slightly, modify the rate of autolysis; this slight modi- 
fication may be due to the formation of HI in small amounts. 

® This suggestion was made to the writer by Dr. H. C. Bradley and is 
undoubtedly the valid explanation. 
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2. Organically bound iodine, sucb as thiToid and iodized blood 
protein, causes an apparent acceleration of autolysis, but th’S is 
doubtless due to increase of available substrate added. 

3. Bromine accelerates quite markedlj'' in minute amounts; 
this is probabl 3 ' due to the increase in hj^drogen ion concentra- 
tion when liquid bromine is added to an aqueous protein 
solution. 

4r. The feeding of tbj'roid for a period of two weeks does not 
lead to an acceleration of autolysis in viiro in dog livers. 

5. The results of Wells, Kepinow, and Kascbiwabara are sub- 
stantiated b 3 ’’ the present e.vperiments. 

6. It is improbable that the acceleration of atrophy of the frog 
lar\'a when fed th 3 ’Toid and blood protein in iodized form can be 
accounted for on the assumption that there is an increase in rate 
of autob-sis due to the th 3 Toid added. ’ 


Protocol of Experiments. 


Daignation. 


Days. 


10 


Effect of adding 0.5 per cent iodine scales, 20'’C. 



1.7* 


3 1 

3 7 

Experiment 

1,5 


3.5 

4.2 




Effect of adding 1.0 per cent iodine scales, 0°C. 


Control 


3 9 

4.2 

3,0 

4.5 

3 

Experiment 

0,8 

3.0 




Effect of adding 5-0 per cent iodine scales, 20°C. 


Control j 

1.7 

2.9 1 

3.1 

3.7 

3.7 

Ex-periment | 

1.5 

2.0 

2.2 j 

2.5 

2.5 


'Figures denote cc. 2 acid neutralized in the Kjeldabl determination. 


’ Morse, Jour. Biol. Chem., 1914, xis, 421. 
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Protocol of Experiments — Concluded. 



Effect of adding I in KI in various concentrations. 


Control 

Lugol 1 per cent.. 
Lugol 2 per cent . . 
Lugol 5 per cent. . 
Lugol 10 per cent. 


Control 1,7 

Lugol 0.2 per cent 1.5 



Effect of adding KI in various concentrations. 



IB 

1 

2.9 

3.1 

3.7 

3.7 


2.7 

3.7 

4.0 

4.0 

nm 

2.4 

2.9 j 

3.6 

3.6 

1.5 

2.2 

3.2 

3.2 

4.2 


Effect of adding thyroid in various amounts. 



Effect of adding iodized blood protein. 


.ontrol 1.2 

lodalbim 0.2 percent 1.5 


Control 

lodalbim 1 per cent. 


fl 


3.2 

4.2 

4..5 

5.1 

4.3 

5.4 1 

6.0 

6.2 

2.9 

3.1 

3.7 

3.7 

3.6 

4.9 


6.9 


Effect of feeding thyroid to dogs and also of adding thyroid to a digest 
after the plateau had been reached. 



1.8 

2.2 

3.2 

3.4 

1.6 

2.2 

3.4 

3.4 

3.4 

3.4 



3.7 

3.7 





































A METHOD FOR THE DETERMINATION OF “LECITHIN” 
IN SMALL AMOUNTS OF BLOOD.‘ 

Bt W. E. BLOOR. 

(From (he Laboratories of Biologiccl Chemislry of the Hofvard Medical 

School, Boston.) 

(Received for publication, June 21, 1915.) 

In the study of the physiological significance of the fatty sub- 
stances of the blood, it was found necessarj' to have a scheme of 
analysis which would show with a fair degree of accuracy (,within 
5 per cent) the quantities of the main fatty constituents (fats, 
cholesterol, and phosphatides) in quantities of blood (2-3 cc.) 
which could be drawn at frequent interv'als from even small 
animals without noticeably affecting the normal state of the 
animal. A method for total fat (fatty acids and cholesterol) has 
already been described.- The present work was undertaken to 
provide a method for the determination of the phosphatide 
fraction of the blood fat, and is intended to be used with the 
same alcohol-ether blood extract used for total fat. 

During the time that work on this method was in progress no 
less than three methods have been published which may be used 
for the determination of the phosphatides of blood. The first 
of thjse, by Taylor and Miller,’ depends on the colorimetric de- 
termination of the molybdenum precipitated as phosphomolybdate 
from a phosphate solution. The standard used contains 0.26 mg. 
of P (0.82 mg. HsP 04 ) and the results published show a variation 
from 9 to 20 per cent in the duplicates, the figures being always 
too high. 


' This work was begun in the Laboratories of Biological Cheniistr 3 ' of 
Washington University, St. Louis. A preliminary report of the method 
was made before the Jfortheastem section of the -American Chemical So- 
ricty in Boston, December, 1914. 

- Bloor, W. R., Jour. Biol. Chem., 1914, x^’ii, 377. 

’ T.aylor, A. E., and Miller, C. IV., ibid., 1914, xviii, 213. 
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The second method is that of Raper'* which appears to be more 
accurate for smaller quantities of phosphorus. With Imown 
phosphate solutions, variations in duplicates with the smallest 
amount of phosphorus (0.089 mg.) are about 3 per cent and the 
variation from the theoretical up to 5 per cent. With lecithin, 
containing about 0.14 mg. of P, the variation is about 6 per cent. 
In the Eaper method, for the determination of the smaller quan- 
tities, it is necessary to add a known amount of phosphate solu- 
tion in order to bring about complete precipitation. 

Both methods involve a double procedure with double chance of 
loss or mistake and both are dependent on the molybdate precipi- 
tation with its admitted possibilities of error, especially where 
only traces of material are involved. Both appear to be more 
cumbersome and time-consuming as well as less sensitive than the 
method to be described. 

The last method to appear, that of Greenwald,® is, however, 
apparently very well suited to the determination of phosphatides 
in small amounts of blood and would, therefore, seem to remove 
much of the necessity for another method for this purpose. For 
these reasons it calls for a rather full discussion. The method 
consists in the application of the ingenious method of Pouget 
and Chouchak® involving the precipitation of the phosphoric 
acid as the strychnine-molybdic acid double compound. The 
Pouget-Chouchak reagent is probably the most sengitive reagent 
for phosphoric acid Imown and therefore offers an excellent 
means of making accurate determinations of very minute quanti- 
ties of phosphoric acid. The determination as carried out bj'' 
Greenwald in his method seems, however, to be open to criticism 
on the following points. 

First, it is desirable to point out that the method is a turbidit}'’ 
method and not a colorimetric one as it was originally called by 
Pouget and Chouchak. (Greenwald does not correct this mistake 
although he does not use the name colorimetric.) The yellowish 
brown color of thick layers of the solution is the same as that 
observed in any dense suspension which is of a sufficiently high 
degree of dispersion and is probably due to the scattering of the 

* Raper, H. S., Biochem. Jour., 1914, viii, 649. 

® Greenwald, I., Jour. Biol. Chcm., 1915, xxi, 29. 

“ Pouget, I., and Chouchak, D., Bull. Soc. chim., series 4, 1909, v, 104. 
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rays of the blue end of the spectrum. The same tint may he 
observed in various suspensions, for example, silver chloride, fatty- 
acids, soaps, mastic, etc. 

The property made use of in turbidity determinations is the 
effect of the precipitate on light passing through the suspension. 
The effect is obviously proportional to the amount of substance 
precipitated only -when the nature of the precipitate is the same 
in both standard and test solutions. 

The nature of the precipitate, number and size of particles, 
their density, etc., is subject tb the usual laws of precipitation 
and is therefore influenced by such factors as the amount of pre- 
cipitable substance, amount of electrolytes or other foreign ma- 
terial in solution, volume of solution, speed of precipitation, 
amount of reagent, etc. The first two factors do not appear to 
have been controlled in Greenwald’s method and that they are of 
importance is indicated bj' the experiments below. 

a. Influence of Amount of Precipitable Substance. — Two suspensions pre- 
pared according to the directions, one containing 0.05 mg. and the 

other 0.075 mg., were compared in the colorimeter, the weaker solution 
being used as standard and set at 81 mm. The readings averaged 49 mm. 
in place of 54 mm. as would have been the case if the readings had been 
exactly proportional to the concentration. (All readings reported in this 
connection were checked by a member of this laboratory who has had 
experience in turbidity determinations.) 

This variation calls for a correction similar to that found neces- 
sary in the nephelometric methods.’ The correction is all the 
more necessary if the difference between standard and test is 
extended to double the standard as is claimed to be possible bj' 
Greenwald. 

h. The Amount of Electrolytes. — Experiments were carried out as follows. 
.4s standard 0.05 mg. of HjPO< treated according to Greenwald’s directions 
was used. The test solution contained the same amount of phosphoric 
acid but contained in addition 0.5 cc. of concentrated sulphuric acid (half 
the amount used in the actual determination on blood serum) almost 
neutralized with sodium hydrate made from sodium. The solution was 
made up otherwise as in the standard. Both acid and alkali were free from 
anything which gave a precipitate with the reagent. With the standard 

^ Kober, P. A., Jour. Biol. Chem., 1912-13, .xiii, 485. Marriott, W. M., 
ibid., 1913-14, xv’i, 2S9. Bloor, ibid., 1914, x\-ii, 383. 
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set at 80 mm., the test solution readings averaged 65 mm. Since the 
amount of phosphate was the same in both, the difference could only have 
beenodue to the effect of the electrolyte on the nature of the precipitate. 
This fault of the method, while serious, may be easily remedied by ad- 
justing the salt content of the standard to match that of the test as is 
done in the method to be described. 

The precipitate produced by the reagent with phosphate has a 
slight inlrerent yellowish color which is enhanced by the length 
of column used and which makes the readings of even slightly 
different solutions difficult for the beginner. Even for the ex- 
perienced person the limits within which accurate readings may be 
made seem to be considerablj'’ narrower than those given by 
Greenwald (“from a concentration of two-thirds to over twice the 
standard”)- For the same reason more emphasis should be placed 
on the difficulty of driving off the picric acid. The great bulk 
goes off easily enough but the removal of the last traces requires 
time and care, otherwise enough will be left to give the solution a 
distinct yellow color. 

Other minor objections to the method as described, which tend 
to limit its extended application, are the use of an uncommon 
size of colorimeter; also the great length of column, which is 
inconvenient with the ordinary narrow colorimeter cups, since it 
does not allow sufficient adaptability. Most of these objections, 
however, can be overcome and when these limitations are taken 
into account the method appears to offer an excellent means for 
determining traces of phosphoric acid in various substances.* 

The work on the present method was completed before Green- 
wald’s paper appeared. It presents a new and sensitive method 
for the precipitation of phosphoric acid, which while not as deli- 

* It is only fair to state that in view of the fact that silica is often a 
serious disturbing element in micro determinations of phosphoric acid 
(Schreiner, 0., and Failyer, G. H., U. S. Dept. Agriculture, Bureau of 
Soils, Bull. 31, 1906) and since sodium hydrate, even that prepared from 
sodium, very soon becomes contaminated with silica when kept in glass, 
also since the digestion with sulphuric acid quickly etches the glass beads, 
an examination was made to learn the effects of silica on this determina- 
tion. It was found that while silica does produce a precipitate with the 
strychnine molybdate reagent, the amount required was far greater than 
could possibly be present in the determination and that therefore the 
presence of silica need not be considered. 
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cate as the strychnine molybdate precipitation, is still adequate 
for the purpose and has the advantage that the turbidities pro- 
duced are very easily compared. A different instrument (the 
nephelometer) is used. The treatment of the blood in this method 
is believed to be espfecially well suited to the purpose, since it 
gives an adequate extraction without being severe enough to harm 
the phosphatides. Moreover, the bulk of the organic material 
of the blood is left behind in the precipitate, which renders the 
ashing of the phosphorus-containing material easy and rapid. 
Also, the extract may be used for determining the other fatty 
constituents. 

In view of these facts it is believed that there is still a place for 
the method and that it will be found useful for the determination 
of phosphoric acid in various organic materials. 

The Method. 

The method consists in the extraction of the phosphatides 
from the blood or serum by treatment with warm alcohol-ether and 
the determination of their amount by precipitation of tbe phos- 
phoric acid after ashing, as the silver salt (or the silver ammonium 
salt). The phosphate is precipitated by silver nitrate in faintly 
alkaline solution in the presence of ammonium salts and the 
amount of precipitate is measured by the nephelometer. The 
procedure is as follows; 

a. Preparation of the Phosphatide Extract . — ^Three cc. of blood 
are drawn directly from the vein by means of a needle connected 
with a pipette (containing a little powdered oxalate) by a short 
length of rubber tubing. It is run slowlj’' (a slow stream of 
drops) into a 100 cc. graduated flask containing 70-80 cc. of a 
mi.xture of three parts of alcohol and one part of ether (both 
redistilled), which is constantlj’’ shaken. Fresh plasma or serum 
maj' be used in the same way. The mixture is slowly raised to 
boiling in the water bath, being kept constantly in motion to pre- 
vent superheating, then quickly cooled to room temperature, 
made up to volume with alcohol-ether, mixed, and filtered. The 
extract should be clear and practically colorless and when well 
stoppered will keep for several months. 
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b. The Digestion . — From 10-25 cc. of the extract (containing 
about 1.2 mg. of “lecithin” or 0.15 mg. of H3PO4) are measured 
with a pipette into a 200 x 25 mm. Jena test-tube, two or three 
glass beads of about 3 mm. diameter added, and the solution is 
evaporated to dryness by immersion of the tube in the water bath. 
It should be watched and shaken frequently until boihng has 
begun, after which the evaporation will generally proceed to dry- 
ness without further attention. The material in the tube should 
be dried for about fifteen minutes in the water bath to remove traces 
of alcohol, which would interfere with the completeness of the 
subsequent oxidation. The oxidation is essentially Neumann’s 
procedure on a small scale. 1.5 cc. of a mixture of equal parts of 
concentrated sulphuric and nitric acids are added to the tubes and 
the whole is digested by heating with a! micro burner in the hood 
or with a Folin draught apparatus.® The heating is done in two 
stages. During the first the mixture is gently boiled with a low 
flame until the red fumes have ceased to come off. This should 
take about five minutes. The tubes should be inclined at an angle 
of about 30° to prevent spattering. The heat is then gradually 
increased until the nitric acid is completely driven off, after which 
the sulphuric acid is boiled for eight to ten minutes. The mix- 
ture is then cooled somewhat and two drops of 0.25 per cent 
cane-sugar solution are added. The heating is resumed for one 
minute, after which the tube is cooled and 3 cc. of water are added. 
The object of the treatment with the sugar is to remove traces 
of HNO3 which are in part combined with the phosphoric acid 
and which prevent its complete precipitation (see discussion 
below). 

c. The Determination. — A. drop of phenolphthalein (0.3 per 
cent) is added to the solution and it is exactly neutralized, the 
process being conveniently accomplished as follows. 20 per cent 
NaOH (free from chlorides and containing but little carbonate) 
is added to neutralization, noting the amount added, f sulphuric 
added until just acid, the solution cooled, and tf NaOH added by 
drops until it is just alkaline again. The solutions are conven- 
iently kept in burettes, and need only be approximate. 1 cc. of 
10 per cent (NH 4 ) 2 S 04 and 1.6 cc. of NaOH are added and the 

“ Folin, 0., and Denis, W., Jour. Biol. Cheni., 1911-12, xi, 503. 
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solution is made to 10 cc. (indicated with sufficient accurac}' b 3 ' a 
scratch on the tube). 

A standard phosphate solution is similarly prepared as follows. 
Three cc. of a phosphate solution,** containing 0.15 mg. of H3P04, 
are measured into a similar Jena test-tube, one drop of phenol- 
phthalein is added and then the amount of 20 per cent NaOH that 
was added to the test solution is run in. Concentrated sulphuric 
acid is added to neutralization, the excess of sulphuric removed 
by a drop or two of the strong alkali, the solution cooled, and then 
exactly neutralized as above. 1 cc. of 10 per cent (lSiH 4 ):S 04 
and 1.5 cc. -H- NaOH are added and the solution is made up to the 
10 cc. mark on the tube. Two samples of 10 cc. each of 1.5 per 
cent neutralized AgNOj are measured into 25 cc. glass-stoppered 
graduated flasks and the standard and test solutions in the test- 
tubes are added through a funnel with the stem draum out so that 
the 10 cc. are delivered in about fifteen seconds. The liquid 
in the flasks is gently rotated while the phosphate solution is being 
run in, after which the test-tubes are rinsed out with small amounts 
of distilled water, and the rinse water is run in through the funnel. 
Finall}’- the liquid in the flask is brought up to the mark bj’’ rins- 
ing the funnel with distilled water, the whole well mixed, and 
readings are made in the nephelometer. Chlorides must of course 
be rigidlj”^ excluded — especiallj' after the acid digestion — ^which is 
accomphshed bj"- using chlorine-free reagents and bj' the liberal 
use of good distilled water. 

For the comparison, the two nephelometer tubes, after being 
rinsed with the solutions, are filled to the same height (the men- 
iscus slightly above the edge of the dark strip) and placed in the 
nephelometer with the standard tube alwaj’^s on the same side. 
The movable jacket on the standard tube is set at a convenient 
point (50 mm. in the original Richards’ instrument, 30 mm. in 
the modified colorimeter to be described in the succeeding article) 
and comparisons are made bj* adjusting the jacket on the test 
solution until the images of the two solutions show equal illumina- 
tion. Not less than five readings are taken, alternatel}' from 

The phosphate solution is prepared by dissohnng 0.6942 gm. of mono- 
potassium phosphate (0.5 gm. HaPO<) in one liter of water. This solution 
is diluted ten times for use and when so diluted 1 cc. contains 0.05 m”'. 
HaPOa. 



140 


Lecithin in Blood 


above and below, and the average is taken as the reading. The 
values are inversely proportional to the readings and calculations 
are made in the same way as in the colorimetric methods. 

DISCUSSION OF THE PROCEDURE. 

The Extraction. 

The above simple procedure has been found to give a good ex- 
traction of the fatty substances from blood. Running the fresh 
blood (or serum or plasma) slowly into the great excess of solvent 
which is kept in constant motion causes the precipitation of the 
blood proteins in finely divided flocculent form — in excellent 
condition for extraction. The solvent combines the penetrating 
power of the alcohol with the greater solvent power of the ether. 
Under these conditions the short heating is adequate to extract 
all but the most difficultly extractable fattj’’ material from the 
whole blood and, as will be shown later, to extract the lipoids 
completely from serum or plasma. Moreover, the above relatively 
gentle treatment is believed not to decompose the phosphatides 
appreciably. The extract may be used for the determination of 
fatty acids and cholesterol also. 

Inorganic Phosphates. 

Since inorganic phosphates are soluble in the alcohol-ether 
mixture in small quantities it was necessary to examine the pos- 
sibility of contamination of the phosphatide extract with these 
substances. Taylor and Miller'* have reported that serum con- 
tains only traces of inorganic phosphates, “not enough to give a 
clear qualitative test,” thus confirming the investigation of 
Gurber'2 who made a similar finding on the basis of dialysis ex- 
periments. Greenwald'^ finds considerable “acid-soluble” phos- 
phate in blood serum and thinks that the main source of this must 
be inorganic phosphate. In order to test out this point in its 
relation to our method the following experiments were made. 

A. E. Taylor and C. W. Miller, loc. cil. 

Giirber, A., Verhandl. d. ■pkys.-mcd. GcscUsch. z. Wurzburg, 1891-95, 
.xxviii, 129. 

” Grecnwald, Jo^ir. Biol. Chem., 1916, .xxi, 29. 
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1. Control with Unown Phosphate Solution.- ^3 cc. (0.15 mg. HaPO^) of 
pliospliatc solotioa ■were mixed vritt 13 cc. of the alcohol-ether and 7 cc. 
of ether and washed by shaking one minute with 75 cc. of saturated am- 
monium sulphate. The alcohol-ether was separated and the phosphate 
remaining in it determined. Only a trace (estimated at 0.02 mg.) was 
left in the alcohol-ether, showing that this treatment was adequate to 
remove water-soluble phosphates. 

2. 15 cc. of alcohol-ether blood extract (containing 0.187 mg. of com- 
bined phosphoric acid) and 7 cc. of ether were washed by shaking for one 
minute with 75 cc. of saturated ammonium sulphate as above. Practi- 
cally all the phosphoric acid (0.180 mg.) was recovered from the alcohol- 
ether extract. The slightly lower value after the washing may well have 
been due to the washing out of some of the lecithin. Other experiments 
gave essentially the same results and the conclusion seems justified that 
no appreciable amount of water-soluble phosphates is extracted during the 
alcohol-ether treatment of the blood. If present in the blood they are 
carried out by the protein precipitate. 

The Digestion. 

The digestion is essentially that of the Neumann method, very 
much shortened owing to the small amount of fatty material to 
be dealt ■with and the relatively large amount of Neumann’s mix- 
ture used. It has been found necessarj' to heat the digestion 
mixture for a few minutes after it has become colorless, in order to 
secure quantitative results. A total beating of fifteen minutes is 
found to be sufficient — a great contrast to the slow and tedious 
process of oxidation of fatty substances by the original Neumann 
procedure. The heating is carried on slowly at first, otherwise the 
nitric acid is driven off before the oridation is completed. During 
the heating, and especially if the amount of material to be oxidized 
is small, some sort of combination appears to take place between a 
part of the nitric and phosphoric acids, which so changes the phos- 
phoric acid that it no longer precipitates ■with the reagent. This 
fact was apparently kno^wn to Neumann,^* for in his procedure he 
directs that after the digestion the acid mixture be diluted ■with 
water and boiled for five to ten minutes to get rid of the combined 
nitric acid. Greenwald“ found that in using the Neumann method 
on blood it was not always possible to get a complete precipitation 
of phosphomolybdate and recommended a modification. 

>* Neumann, A., Ztschr. }. physiol. Chan., 1902-03, xxxvii, 115. 

” Grccnwald, Jour. Biol. Chan., 1913, xiv. 369. 
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The action of nitric acid may be demonstrated with pure phos- 
phates. After heating with sulphuric and nitric acids as in the 
method only about two-thirds or less of the phosphate may be 
precipitated by the silver i-eagent. Heating with sulphuric acid 
alone does not produce this effect. It was found that the addi- 
tion after the heating of a very little organic material such as 
cane-sugar removed the interfering substance and allowed complete 
precipitation. The amount needed is very small and the slight 
charring produced by its addition to the acid mixture should dis- 
appear promptly on raising to boiling. If too much is added a 
permanent brown color is produced which must be removed by a 
drop of HNO3 and short boiling. Strangely enough the addition 
of HNO3 at this time does not interfere with the precipitation. 

The Precipitation. 

Since the total light reflected from a given depth of suspension 
depends not only on the number of reflecting particles but also on 
their other properties such as size, density, etc., it is obvious that 
conditions should be secured in which the condition of the particles 
in the standard and the test solutions is the same. For this 
reason it has been found necessary to make the physical and 
chemical conditions — as regards concentration of reagents, salts, 
reaction of the solution, temperature, volume, etc. — as nearly the 
same in standard and test as is conveniently possible. The pro- 
cedure as outlined above is believed to satisfy these requirements. 
The standard contains the same amount of sodium sulphate and 
ammonium sulphate, is adjusted to the same reaction and volume, 
and is added to the precipitating solution at the same rate as the 
test and both solutions are at room temperature. Running the 
phosphate solution into the precipitant has been found to give 
more constant results than the reverse process. 

Readings may be made at once after mixing the solutions and the 
relation between the solutions does not appear to change in the 
course of a half hour. 

The Reagents. 

All reagents must be free of more than traces of chlorine. A 
blank determination with the reagents should give no cloudiness 
with the silver reagent when mixed and only a trace on standing. 
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The sodium hj'drate is best made from sodium but a sufficiently 
pure sample of ordinary hydrate may sometimes be obtained. It 
should contain but little carbonate since this interferes with the 
neutralization. It is not difficult to get ammonium sulphate^ or 
sulphuric acid which are chlorine-free. The silver nitrate solution 
should be neutral. The ordinary salt is generally slightly acid 
and it is necessary in all cases after making up the solution, to add 
a drop or two of alkali, mix thoroughly, and let stand for a short 
time. After filtering off the excess of precipitate the solution is 
ready for use. 

Chlorides present in the blood extract or in the acids used for 
ashing (or purposely added) are driven off during the digestion. 

The Nephelomeier. 

The Richards type of nephelometer was used throughout. The 
preliminary work was done with the ori^al form of the nephel- 
ometer,*® the later part with one made by a simple modification 
of the Duboscq colorimeter which is described in the folloning 
paper. The superior optical equipment of the Duboscq colorim- 
eter makes it possible to obtain more accurate readings with 
greater ease than in the original Richards instrument. Since the 
readings obtained from different solutions are not exactly propor- 
tional to the amoimt of phosphate present and since the differ- 
ences between the observed and theoretical reading increase as 
the differences in phosphate content increase it is necessaiy to 
calibrate the instrument for different strengths of test solution 
and for different standards, although where the test solution does 
not differ from the standard by more than 25 per cent the cor- 
rections fall within the limit of error of the determination and no 
correction can be made. 

Solutions verj^ different from the standard are difficult to com- 
pare and readings below 18 mm. or about 45 mm. when the 
standard is at 30 mm. should not be attempted except for api- 
proximate values. 


'* Richards, T. W., Ztschr. f. anorg. Chem., 1895, viii, 269. 
T. tv., and Wells, R. C., Am. Chem. Jour., 1904, xxxi, 235. 


Richards, 
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Results. 

Known phosphate solutions naay be determined with an ac- 
curacy of about 2 per cent. Duplicate determinations on blood 
frequently agree as well as the above but the average for determi- 
nations of blood lecithin is about 5 per cent. The following re- 
sults on phosphate determinations in various organic materials 
indicate the possibilities of the method. 


Phosphates in urine. 

A sample of dilute day urine. pc, 

By uranium titration 0,0372 HjPO* 

By nephelometric method 0.0366 

0.0380 

In casein. 

A sample of purified casein (Bosworth). 

By Neumann method 2.21 HjPOi 

By nephelometric method 2.20 

2.15 

Lecithin. 

a. A sample of impure egg “lecithin.” 

Direct determination by Neumann’s method. .... . 7.98 HjPO^ 

By nephelometric method 7.89 HjPO< 

b. Purified egg “lecithin.” 

By Neumann’s method 13.1 HjPOi 

By nephelometric method 12.9 

13.3 

Egg yolk. Total phosphoric acid. 

By Neumann’s method 1.66 

By nephelometric method 1.70 

1.71 

“Lecithin” in blood. 


A sufficient variety of determinations of lecithin in blood to warrant 
discussion has not yet been made but the values obtained are somewhat 
higher than ordinarily given for blood lecithin, especially for dog blood. 
The values obtained expressed as “lecithin” (HjPOi X 8) are: 


per cent 

Dog I. Whole blood varied from 0.36-0.42 

Dog II. Whole blood 0.4 

Plasma 0.33 

Normal human plasma, o.xalated, Sample 1 0.28 

Sample II 0.21 

Cat plasma, oxalated 0.18 

Sheep blood, whole 0.22 

Plasma 0.16 

Calf plasma 0.12 



A. SIMPLE METHOD OF CONVERTING THE DDBOSCQ 
COLORIMETER INTO A NEPHELOMETER.1 

By W. R. BLOOR. 

{From the Laboratories 0 / Biological Chemistry oj the Harvard Medical 

School, Boston.) 

(Received for publication, June 21, 1915.) 

Nephelometry, the determination of the quantity of a substance 
by measurement o'f the density of the precipitate tvhich it pro- 
duces with a reagent, has come into considerable use in the last 
year or two because of the increasing demand for methods suit- 
able for accurate determination of small amounts of material 
where other methods for micro determination are not available. 
Also, for the same reason, the demand for these methods is bound 
to increase as their possibilities become known. Two forms of 
nephelometer are in use at the present time, one the Richards* 
instrument, which was the original type, and the other an instru- 
ment devised by Kober* by modification of the Duboscq color- 
imeter. 

The Richards nephelometer, because of its poor optical and 
mechanical equipment, is inconvenient and requires experience to 
use successfully. Moreover there is an objection to the unneces- 
sary multiplication of instruments especiall}’’ in a time of rapid 
development, when an instrument may be quickly superseded b3' 
improved tj'pes or by better devices for the same pmrpose. 

The Kober instrument is an improvement on the Richards in 
that it renders available for nephelometrj’- the excellent optical 
and mechanical equipment of the Duboscq colorimeter. Its dis- 
ad'i’antage is the use of coated plungers dipping into the solutions. 

* Tbis instrument was demonstrated to the Xortheastem section of the 
American Chemical Society at Boston, December, 1914. 

= Richards. T. W., ZtscJir. /. anorg. Chem., 1895, viii, 269. Richards, 
T. ly., and Bells, R. C., Am. Chem. Jour., 1904, xxxi, 235. 

» Kober, P. A., Jour. Biol. Chem., 1912-13, xiii, 4S5; Jour. Am. Chem. 
Soc., 1913, XXXV, 15S5. 
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Chabt I. The Duboscq colorimeter converted into a nephelometer, 
with the necessary extra parts. 
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Where the amount of substance to be determined is minute the 
presence of a foreign body like the plunger is always a menace be- 
cause of the possible contamination with interfering substances 
from which it is difficult to keep the plungers free. The necessity 
of coating the plungers with something to exclude light rays in- 
creases the difficulty and provides a new source of trouble in that 
the coating is generally more or less soluble in some of the solu- 
tions used. Also from its liability to crack and scale it is apt to 
introduce unexpected errors. The objections mentioned above 
are emphasized when it is necessarj’’ to work with precipitants 
sensitive to substances like chlorides, which are present every- 
where. The Richards type of instrument with sliding jackets 
does away with these sources of contamination and error, and the 
instrument described below is intended to combine the advan- 
tages of the Richards type of instrument with the superior me- 
chanical equipment of the Duboscq colorimeter. It has been 
found to give satisfactory results even in the hands of beginners. 
The details of the instrument and the method of transformation 
from the colorimeter may be seen from the diagrams. 

The brass plate carrying the colorimeter plungers is replaced by 
the plate A with two slots in which are supported the nephelom- 
eter tubes B with their flanges resting on the edges of the slots. 
The slots are so cut that the center lines of the tubes are exactlj' 
in line with the centers of the lower openings of the prism case E. 
If desired they may be countersunk to receive the flanges. 

The colorimeter cups are replaced by the jackets C which pro- 
ject through the holes in the cup supports F and are supported on 
them by the collars D. Thej'" move when the cup supports move. 
The mirror is turned to the horizontal position so that it refleets 
no light; the light in the nephelometer comes from in front and 
not from below (see diagram. Figure II). 

The nephelometer tubes are small test-tubes 100x15 mm., pref- 
erablj' made from the same sample of colorless glass tubing so 
that they are of exactly the same bore. The flanges at the top 
should be well made so that the tubes rest firmly and evenlj' in 
the slots. The glass should be as free as possible from imperfections 
or striations. After the tubes are made and fitted into place the 
jackets are moved up on each tube by means of the rack and 
pinion until the indicator on the scale is exactl3’' at zero. Marks 
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are made on each tube at the point reached by the top of the 
jacket and the portion of tube above that point is made opaque 
by a ring Bi of black paper or paint. Tubes and jackets are then 
marked right and left and always used on the same side. 

Since it is rare to find two tubes which when filled with the same 
solution give exactly the same readings it is necessary to take this 
fact into account and correct accordingly. 





Chart II. The nephelometer in position in its box, showing its rels' 
tion to the source of light. 


The jackets C are made of tubing — ^metal or glass — a little 
larger than the tubes and about the same length (they should just 
clear the mirror when it is turned horizontal), closed at the bottom 
and made light tight by black paint or paper. The collars D sup- 
porting the jackets may be made of cork or more permanently of 
metal. A little cotton wool in the bottom of the jackets will pre- 
vent breakage if the tubes should fall into the jackets. 
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The openings in the prism case, particularly the lower ones, 
should be protected against accidental splashing by thin glass 
plates (thick cover slips) which are held in place by a little glue. 

Artificial light is necessary and the lamp should be enclosed in 
a tight box into one end of which the nephelometer fits snugly. A 
partition extending part way up the box as shown in the diagram 
(Figure II) serves the double purpose of shutting off the light 
from the lower part of the instrument and of providing a stop 
against which the instrument is pushed, so that its distance from 
the light is kept constant. The box is convenientlj' made without 
a bottom and the end closed with a dark curtain after the nephe- 
lometer is pushed into place. The inside of the box should be 
painted black. A dark room is desirable but not necessary, as 
the instrument may be used satisfactorily in a room darkened b3’’ 
a dark shade or even in a dark corner of the laboratorj'. 

The relations of the nephelometer and the light source maj’^ be 
seen in the diagram, Figure II. The lamp used is an ordinarj’' 
50 watt tungsten (‘Mazda’) supported by a bracket about 30cm. 
from the nephelometer and at the height of the nephelometer 
tubes. The change from one instrument to the other can be 
made in one or two minutes, since it consists essentiallj' onlj’’ in 
unscrewing the brass plate carrjdng the plungers and screwing on 
the plate to carrj' the nephelometer tubes. The extra parts 
needed, plate, tubes, and jackets, are few and can be made if 
necessary from material at hand in anj'- laboratorj’- and by anyone 
with a slight degree of mechanical skill.'* 

The above description applies only to the later type of colorim- 
eter where the cups move and the prisms are stationary. The 
changes required to convert the older type of instrument are 
more complicated and scarcely to be advised unless the instru- 
ment is to have fairly continuous use as a nephelometer. If the 
change is desired the nephelometer tubes are to be supported in 
the same waj^ as above, but the jackets must be carried on special 
brackets which are made to replace the brackets carrjdng the 
plungers. The nephelometer tubes must be stationary, the jackets 
being the movable parts. 

* The extra parts necessary for the conversion of the colorimeter into 
the nephelometer may be obtained from the International Instrument 
Co. of Cambridge, Mass. 
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The quantitative determination of iodine in organic tissues, es- 
pecially the iodine content of tuberculous tissues,' has occupied 
our attention in this laboratoi^’- for some time. Various methods 
have been proposed for such determination, those of Baumann,* 
BourceV Hunter,' and Kendall* having attracted the most 
attention. 

The Baumann method has been modified repeatedly and while 
it no doubt gives good results in experienced hands, the modifica- 
tions indicate the dissatisfaction that has been felt with it. This 
method is not delicate enough for our particular purpose. 

That of Bourcet requires large amounts of material (100 grams) 
and involves a subsequent liberation of the small amounts of io- 
dine present. The first requirement it is seldom possible to ful- 
fill, while the second is always a rather unsatisfactory procedure. 

The method of Hunter has a serious drawback in the formation 
of oxychlorinc compounds as pointed out by Foerster and Jorre* 
as well as Kendall. 

Kendall’s method has, in the past, in this laboratory given re- 
sults that were generally Eatisfactor3", but we have occasionally 
had cases in important series that gave blanks when the presence 
of iodine was certain, and on the other hand found traces which 
it seemed reasonable to believe were not present in the sample. 

'■ Lewis, P. A., and Krauss, R. B., Jour. Biol. Chem., 1914, rviu, 313. 

= Baumann, E., and Roos, E., ZUehr. f. physiol. Chem., 1895-96, xxi, 4S9. 

» Bourcet, P., Compl. rend. Acad. d. sc., 1899, cjondii, 1120. 

‘ Hunter, A., Jom. Biol. Chem., 1909-10, vii, 321. 

‘ Kendall, E. C., Jour. Am. Chem. Soc., 1912, .vxxiv, 894. 

‘ Foerster, F., and Jorre, F., Jour.f. prahl. Chem., 1899, lix, 53. 
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Iodine in Organic Matter 


To cover all contingencies it would become necessary to have 
a method filling the following requirements : 

1. To be capable of detecting most minute traces of iodine. 

2. To use a minimum of sample for the analysis. 

3. To introduce no iodates or iodides. 

4. To eliminate foreign active halogens as reagents. 

5. To be rapid and of general application. 

In the folic wing pages ! wish to present a method I have devel- 
oped which seems to meet these requirements in greater measure 
than any of those which have been used previously. 

The Palladium Iodide Colorimetric Method. 

It is known that the precipitation of palladous iodide affords a 
method of separation of iodine from bromine and chlorine. 

Palladous iodide is insoluble in water, alcohol, acetone, and 
ether; insoluble also in dilute hydrochloric and hydriodic acids. 
This method is based on the fact that palladous chloride when 
added in the cold to a dilute solution of iodide gives a deep brown 
color due to the formation of palladous iodide. 

The value of iodine to which this color is due is approximated 
by comparison with a standard, and obtained absolutely by com- 
parison in a Duboscq colorimeter. A change of color due to 0.01 
mg. of iodine as iodide, is easily seen with the naked eye and the 
colbrimeter gives a further range of 1 to 100. 

The determinations are usually made in a dilution of 100 cc. 
This corresponds to 0.0001 mg. per 1 cc. It will therefore be 
seen that by working in small volumes such traces may be easily 
detected. The method of procedure follows. 

Detailed Description of Method. 

The amount of substance to be taken varies with the chemical 
properties of the compound, especially the iodine content. For 
thyroids running about 2 mg. per gram 0.5 gram of dry sub- 
stance is sufficient. Larger amounts offer no disadvantage; the 
iodine is then determined in an aliquot portion. 

The substance is mixed in a nickel crucible with about 8 grams 
of a mixture of 1 mol. each of pure anhj'-drous sodium carbonate, 
potassium carbonate, and potassium nitrate; and then covered 
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with an additional 5 grams. The lid is placed on the crucible, 
leaving a small opening for the escape of waste gases. 

The crucible is heated in a crucible muffle such as described b 5 '- 
me in connection with the analysis of iodine trypan red dj'es.’ 
Such a one keeps the waste gases from the crucible but gives an 
even heat on the sides and the bottom. As soon as the contents 
of the crucible cease burning the heat may be increased until the 
edges of the mass just begin to melt, but not higher. By this time 
aU carbon has disappeared and on removing the crucible and cool- 
ing, the contents are nearly always pure white. This requires 
about ten minutes. I have found that a moderately rapid burn- 
ing is desirable, which is also the opinion of Hunter* and Oswald.® 
On cooling, water is added to the melt, the lid washed, and the 
crucible is placed on the hot plate. As soon as the contents have 
dissolved the liquid is carefully poured through a funnel into a 
200 cc. Erlenmeyer flask (using larger flasks for larger melts), 
washing the crucible carefully with a fine-jet wash bottle. It is 
desirable here to keep down the volume of water as far as possible. 
In order to reduce any trace of iodate that may have been formed 
about 2 cc. of a 10 per cent solution of bisulphite are now added, 
and phosphoric acid (85 per cent) is carefully added to the inclined 
flask which is agitated between additions. A slight excess of acid 
should be used. A small comer of litmus paper is a convenient 
indicator. After standing for a few minutes, sufficient sodium 
carbonate is added from the tip of a spatula to make the solution 
alkaline. 

An inclined funnel is placed in the neck of the flask to prevent 
splashing and the solution evaporated on a hot plate to the stage 
where it just remains liquid when cold. 

On cooling, about 20 cc. of acetone are added from a wash bottle, 
washing the funnel and sides of the flask. 

The flask is shaken until the salts form a semi-sohd layer at 
the bottom. Absolute alcohol is added in 5 cc. portions with agi- 
tation and the extraction of the iodide aided by working the salts 
with a stirring rod, which is then used as an aid in decanting the 
acetone-alcohol mixture. 

’ Krauss, R. B., Jour. Am. Chem. Soc., 1914, xxxvi, 962. 

• Hunter, loc. ci(. 

• Oswald, A., Ztschr.f. physiol. Chem., 1899, xxvii, 31. 



154 Iodine in Organic Matter 

The use of acetone first seems to favor the complete extraction 
of the iodides. 

( By the time 40 cc. of solvents have been used the iodide is nearly 
always removed. Confirmation may be obtained by adding a 
drop or two of standard palladous chloride solution. If the so- 
lution remains colorless all the iodine has been extracted. 

The solvent is decanted through a filter directly into a Nessler 
tube if a quantity of iodine below 1 mg. is involved; otherwise into 
a graduated flask, and diluted to definite volume with alcohol. 
In the latter case an aliquot portion is used for the estimation in 
the Nessler tube. 

The following dilutions are best suited for accurate determina- 
tions. 


Above 10 

mg. 

Dilute with water to 1 liter and determine iodide in an 
aliquot. 

1 -10 

mg. 

Dilute to 500 cc. with water and determine iodide in an 
aliquot. 

0.1 - 1 

mg. 

Filter directly into 100 cc. tubes. 

0.001- 0 

• 1 mg. 

Evaporate if necessary and determine id 50 cc. tubes. 
In smaller volumes, 2 to 5 cc., it is possible to detect and 
estimate amounts of iodine as low as 0.0001 mg. 


Dilute palladous chloride solution, 0.0005 gram per cc., acidu- 
lated slightly with hydrochloric acid, is added drop by drop, until 
the color no longer deepens. Of such a solution 2 cc. are sufficient 
to combine with about 1.5 mg. of iodine. Of the same solution 
2 cc. diluted to 100 cc. give no perceptible color. 

The standards are prepared as follows. 

Standards. 

A solution of pure potassium iodide containing 0.1 mg. per cc. 
is prepared by weighing out 1.31 grams of potassium iodide, mak- 
ing up to 1 liter, and diluting 100 cc. of this solution to 1 liter. 

The requisite standard for any weight iodine, saj'- 0.1 mg., is 
made up by measuring out 1 cc. of the standard iodine solution 
in a 1 cc. pipette calibrated to 0.01 cc. into a 100 cc. Nessler tube, 
diluting with 10 cc. each of alcohol and acetone and adding about 
1 cc. of standard palladous chloride solution, then diluting with 
water to the mark. According to the weight of iodine present 
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tbe color ranges from a light brown to a deep red-brown. _ The 
comparison is made after the tubes have stood at least five 
minutes. 

Standards should be made up with approximately the same 
ratios of acetone, alcohol, and water as the unknown. 

The colors develop best in more concentrated solutions; there- 
fore the palladous chloride is added before diluting. 

The unknown is compared with a series of standards; the near- 
est match is determined by inspection. A difference of 0.01 mg. 
of iodine is easily seen with the naked eye and is sufficient for or- 
dinary work. 

For better results the unknown and the nearest standard are 
compared in a Duboscq colorimeter which has a further range of 
1 to 100. 

I have devised an electrolytic procedure by means of which 
the palladous iodide precipitated in the colorimetric method is 
electrolyzed; the palladium and iodine are deposited on separate 
electrodes and weighed. 

This forms a good check on a series of colorimetric determina- 
tions involving small weights of iodine per determination and gives 
good results on single determinations involving larger weights 
of iodine. It also gives accurate results when used for direct 
estimations. 

The details of the electrolytic determination of iodine in organic 
matter will be reported shortly. 

The following tables of analyses wiU give some information as 
to the results obtained by this method. 

In Table I are given results obtained by fusing 0.5 gram of pure 
casein with the stated weight of iodine as potassium iodide, ob- 
tained by pipetting from a standard iodide solution; and finally 
determining the iodine by this method. 

In Table II are given results of analyses on a conunercial thj*- 
roid preparation marked 0.2 per cent iodine, giving a comparison 
between Kendall’s method and the palladous iodide method. 
0.5 gram samples were used and the results are expressed in mg. 
per gram. 

Table III contains results of anal}'ses on three samples of com- 
mercial thyroid preparations. Results are expressed in mg. of 
iodine per gram of sample. 
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TABLE I. 


No. 

Casein. 

Iodine present. 

Iodine found. 

Dilution. 


gm. 

mg. 

mg. 

CC. 

1 

0.5 

— 


10 

2 




10 

3 

0.5 

0.001 

0.001 

10 

4 

0.5 

0.005 

0.005 

10 

5 

0.5 

0.010 

0.009 

50 

6 

0.5 

0.050 

0.051 

50 

7 

0.5 

0.100 

0.100 

50 

8 

0.5 

0.500 

0.499 

100 

9 

0.5 

1.000 

0.999 

100 

10 

0.5 

1.500 

1.498 

100 

11 

0.5 

2.000 

1.998 

100 


TABLE II. 


Thyroid, 0.2 per cent iodine. 


Kendall. 

Colorimetric. 

mg. 

mg. 

2.07 

2.028 

1.91 


1.77 


2.36 

2.040 

1.92 


2.01 


2.14 


2.24 


2.12 


1.98 



Table IV contains characteristic analyses of organic iodine 
compounds. The colorimetric determinations ivere made in 100 
cc. dilution. Of the iodide extract made up to 100 cc. in gradu- 
ated flasks, 1 cc. was used for the determinations. 

The writer is aware of the fact that the reaction between io- 
dates and iodides as usually applied to the estimation of iodine 
may be combined with the colorimetric method explained above, 
thereby increasing the delicateness of both. Some of the ad- 
vantages of the present colorimetric method are, however, lost 
thereby. Work on both this modification and the electrolytic es- 
timation of iodine present in animal tissue is under way in this 
laboratory and will be reported shortly. 
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table m. 


No. 

Weight taken. 

Iodine found- 

A 

1 

2 

3 

4 

ffm. 

0.5 

0.5 

0.5 

0.5 

m. 

2.022 

2.042 

2.040 

2.036 

B 



1 

0.5 

1.888 

2 

0.5 

1.896 

3 

0.5 

1.896 

C 



1 

0.5 

1.904 

2 

0.5 

1.896 

3 

0.5 

1.892 

4 

0.5 

1.916 

5 

0.5 

1.884 


TABLE n’. 


Substance. 

Weight taken. 

Iodine found. 

Iodine calcu* 
lated. 


pm. 


per cent 

per cent 

Di-iodo-diphenyl 


63.81 

62.55 

62.56 


■SH 

63.06 

1 


lodo-acetanilid 

0.1016 I 

49.40 

48.62 

48.65 


0.2024 

98.46 

48.64 


lodo-benzoic acid 

0.2002 

102.52 

51.20 

51.21 


0.2041 

104.51 

51.20 



0.2011 

102.98 

51.20 



SUMSLAKY. 

1. In a solution of iodides, the iodine present maj^ be estimated 
directly bj' the palladous iodide colorimetric method. 

2. The iodine present in animal tissues can be estimated after 
fusion by the same method. 

3. No iodides, iodates, or halogens, usually the source of errors, 
are added in this method. 

I am indebted to Dr. Paul A. Lewis for valuable suggestions 
and criticisms. 
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Bt PAUL A. LEWIS and ROBERT B. KRAUSS. 

{From the Henry Phipps Institute of the University of Pennsylvania, 
Philadelphia.) 

(Received for publication, June 19, 1915.) 

In a previous paper' tve gave the results of some analyses wliich 
shou-ed that the tuberculous tissue of rabbits might contain ap- 
preciable amounts of iodine, even though iodine products had not 
been administered to the animals. 

The points made in that paper may be repeated here by quot- 
ing the summarj' there given, as follows: 

Tuberculous tissue derived from animals to which no iodine prepara- 
tion has been knouingly administered may contain amounts of iodine vcr>' 
appreciably higher than normal control tissue of the same animal. While 
it is quite probable that tuberculous tissue in animals treated with iodine 
products may store up iodine, this has been by no means clearly shown in 
any e.\periments so far reported. The highest figures for the tuberculous 
tissue of untreated animals in our experience may equal the highest figures 
of those reported by others as evidence for the localization in the tissue of 
iodine intentionally administered. 

The analyses on which this first paper was based were done by 
the Kendall method. It was understood by us that this method 
was scarcely adequate to give perfect results nith the small 
amounts of tissue available for study. Objections reached us 
from those who believed that the method was entirelj" inadequate 
and that consequently it was unlikely that our results represented 
the true situation. 

Accordingly one of us (Krauss) has devoted considerable effort 
during the past ■winter to the development of more accurate and 
sensitive methods for the examination of tissues for iodine. This 

* Leu is, P. A., and Krauss, R. B,, Jour. Biol. Chem., 1914, v\’iii, 313. 
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study has been entirely successful and a method is now available 
which is competent to detect with certainty and measure with 
accuracy the merest traces of iodine.’ 

As in the older methods, the dried tissue is subjected to a proc- 
ess of incineration to convert the iodine into an inorganic form. 
Palladium chloride is added to an extract of the fusion mass and 
in the presence of iodine develops palladium iodide, which gives 
a characteristic color reaction. The intensity of the color de- 
veloped is determined by colorimetr}" in comparison with stand- 
ard solutions. 

Using this method for the examination of the tissues for iodine 
we have reexamined the points at issue. Our work has been con- 
ducted as follows. Rabbits ai’e inoculated on the cornea of one 
eye with a virulent culture of the tubercle bacillus of bovine type. 
This gives a rapidly progressing infection the characteristics of 
which we have previously described in detail.^ At suitable in- 
tervals the animals are killed. The corneas are dissected free 
from the remainder of the eyes. The tissues are separately dried 
and analyzed for iodine. We have in this way for analysis, first, 
the tuberculous cornea; second, the normal cornea of the same 
animal; third, the remainder of both eyes; and fourth, any other 
normal tissue from the animal which it may be useful to e.xamine. 
The thyroid gland has been included in this series in most in- 
stances. If the animals are allowed to live long enough of course 
the disease becomes generalized and tuberculous tissues from other 
parts of the body may also be examined. 

The results of these experiments are presented in the following 
tables. The figures give the amount of iodine found in mg. per 
gram of dry tissue. 

In Table I are collected the figures from the experiments which 
were carried through in exact accordance with the outline just 
given. The following points may be developed from these results. 

The noimal cornea frequently contains appreciable amounts of 
iodine. In animals in which this is the case tuberculous tissue 
arising on the opposite cornea also contains iodine, and this, so 
far as our results go, in relatively larger amounts. The remaining 
tissues of the eye usually contain no iodine. Certain exceptions 

= Krauss, R. B., Jour. Biol. Chevi., 1915, x.\ii, 151. 

^ Lewis, P. A., and Montgomery, C. M., Jour. Bxper. Med., 1914, xx, 2G9. 
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to this appear in the results. Nos. 1180, 1054, 1194, /34, It is 
most probable that these exceptions are due to the fact that after 
several weeks the disease spreads from the cornea to the con- 
junctiva and gradually to the deejer structures of the eye. At 
this time the removal of the diseased tissue with the cornea is not 
complete. The proper procedure in these instances would be to 
examinethebulbar portions of the opposite eyes separately. This 
was done only once in our series, No. 734. In that case it appeared 
that the iodine in the bulbar portions occurred only in the infected 
eye. 

It will be noticed that the amoimt of iodine in the tuberculous 
tissue or in the normal cornea bears no direct relation to thyroid 


1 . 


Rabbit Xo, 

Days 

Ur^. 

Xofinal 

cornea. 

Diseased 

comeji- 

Thyroid. 

RcTQAvnder of 
both eyes. 

■■ 


Wff. 

rnff. 

mg. 

mg. 


19 

0.000 

0.000 


0.000 


19 

0.3 

5.50 


0.000 

1172 

22 

0.000 

0.000 

0.000 

0.000 

1180 

26 

0.000 

0.000 

0.000 

0.086 

1205 

30 

0.0S76 

0.1805 

0.09 • 


1187 

35 

0.0S26 

0.1232 

■■■ 

0.000 

1181 

37 


0.1320 

BIB 

0.000 

1198 

37 

0.0S5 

0.178 


0.000 

1054 

37 


0.3384 

0.0476 

0.1178 

1194 

37 

O.OSo 

0.186 

0.000 

0.002 

734 

37 

0.0620 

0.2016 

0.060 

Left 0.025 
Right 0.000 


iod'He. The latter is high, low, or entirely absent in instances in 
which the iodine in the eye is about the same, Nos. 1187, 1205, 
1194. 

The results in Table II are intended to furnish additional evi- 
dence that tuberculous tissues may contain iodine. In these in- 
stances the disease of the e 3 'e had advanced so far that it was 
impossible to separate the tuberculous from the normal tissue. 
The uhole ej’e was examined in comparison with the whole of 
the normal ej'c. These results agree in essentials with those pre- 
sented in Table I. The amountof tissue examined is much larger 
and the relative difference in weight much smaller than in the 
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first instances. This of course tends to equalize the figures for 
iodine as expressed in mg. per gram. 

On the basis of our results as presented in Tables I and II as 
well as those of our previous paper it might have appeared possible 
that the tuberculosis of the cornea was a special case whose re- 
sults would be without general application. Especially was this 


TABLE ir. 


Rabbit No. 

Days lived. 

Normal eye. 

Dlse.Tsed eye. 

Thyroid. 

■■■ 


Miff. 




56 

0.000 


0.222 


56 

0.0312 


0.1390 

1191 

56 

0.0100 


0.0700 

1175 

56 

0.0070 


0.0159 

1151 

56 

0.004 


0.061 


so in view of the fact that we have so often found iodine in the 
normal cornea, the fundamental tissue of the experiment. In 
Table III, therefore, we present a few anab’-ses of the caseous 
lymph nodes of animals, four guinea pigs and one rabbit, suffering 
from more or less advanced generalized tuberculosis. The amount 
of iodine contained in this material is also far from negligible. 


TABLE III. 


Animals. 

Material examined. 

Iodine pergni. 

Duration ol discMc. 

Guinea pig 1437 

Caseous nodes I 

v\g. 

0.000 

Died in 1 mo. 

“ “ 1434 

! “ 

<{ 

0.062 

Killed in 1 mo. 

“ “ 1312 

' 

a 

0.424 

Killed in I mo. 

“ » 1403 

it 

it 

0.160 

Killed in 5 weeks. 

Rabbit 1151 

it 

it 

0.0132 

Killed in 56 days. 


The analysis of the thyroid gland requires some separate com- 
ment. In a recent review of work on the iodine content of tlie 
thyroid, Cameron'* cites the work of various observers 'who have 
analyzed the glands from certain individuals with negative re- 
sults. He emphasized the probability that iodine is always pres- 

* Cameron, A. T., Jour. Biol. Chem., 1913-14, .\vi, 465. 
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ent, but in amounts notdetectabIeb3'the methods emploj^ed pre- 
vious^, making the following statement in italics. “No stress 
can be laid on anj' negative results so far published imtil thej' 
have been confirmed bj’ an accurate method such as that of 
Hunter.” 

Our results indicate most clearljr that iodine, if indeed it is 
alwaj's present, is at times not to be demonstrated bj^ a method 
considerably more sensitive than any previous^ emploj-ed. Some 
of the earlier observers have believed that j’oung animals were 
more apt to give negative results. The animals in our series 
were adults, several of them known to be more than one year old. 
We have examined the thj'roids microscopicallj* without being 
able to see the slightest difference between those containing io- 
dine and those in which we could not detect this element. 

We conclude from this work that iodine is frequentlj' present 
in tuberculous tissue independently of anj- intentional administra- 
tion of iodine-containing substances. The quantities found are 
sucn as to lessen the force of the conclusion of previous observers- 
that the tuberculous tissue has an especial affinity for iodine when 
intentionally administered. This maj- of course be the case, but 
the ewdence for it is so far insufficient. We have no evidence 
bearing on the nature of the iodine compounds in the tuberculous 
tissue or the source from which they are derived. The iodine 
is, however, independent of thjToid iodine in its quantitative 
relationships. 

The thj’roid gland of rabbits maj" at times be free from any 
appreciable amount of iodine. 
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INTKODTJCTION. 

Although it is generally assumed, in harmony tvith current 
views regarding the gastric functions and the chemical evidence 
offered by Klemperer and Schemlen- that fat is not absorbed from 
the stomach, a number of investigators have recently published 
histological observations from which they conclude that ingested 
fat does pass through the stomach wall. 

* ^hc experimental data in this paper are taken from the dissertation 
presented by E. J. Baumann for the degree of Ph.D., Yale Universitv 
1915. ^ • ’ 

Klemperer, G., and Scheurlen, E., Zlschr. f. hlin. Med., 18S9, xv, 370. 
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Other means, particularly physiologicochemical procedures for 
attacking this problem, are available. With the hope of obtaining 
some decisive evidence, two methods, other than those previousl)' 
employed, have been applied in the present research. One was 
the determination of the changes occurring in the fat content of 
the blood after introduction of fat into the stomach, which had 
been ligated at its pyloric end. The second consisted of tracing, 
by means of oil-soluble dyes, any fat absorbed under similar con- 
ditions. The data collected are in complete accord with the prev- 
alent view and show conclusively that no active absorption of fat 
occurs from the ligated stomach. 

HISTOLOGICAL STUDIES. 

Historical. 

Klemperer and Scheurlen conducted their investigations on dogs in 
which the stomachs were well washed out with water before the experi- 
ment. The intestine was ligated 1 to 2 cm. below the pylorus, a weighed 
quantity of the fatty material was introduced, and the cardiac end of the 
stomach was then tied off. At the end of a test period of three to si.v hours 
the stomach was excised and an analysis of the contents was made; it was 
possible to recover 99.5 per cent of the amount of triolein, oleic acid, or 
olive oil introduced, and from these results it was concluded that no fats 
or fatty acids were absorbed from the stomach. 

The histological findings on this subject have been quite at variance 
with those of Klemperer and Scheurlen. The earliest observations a ere 
made by Kolliker® on kittens, 3 'oung dogs, and mice as experimental ani- 
mals. Sometimes only a few fat droplets were seen in the epithelial cells 
but usually considerable quantities were observed. He doubted whether 
any fat leaves the stomach through its walls, for macroscopic e.xamination 
of the lymphatics of that organ never showed them to be filled and white. 

Cundo and Delamare'* were imable to find .any granules stained by osmic 
acid in the gastric mucosa after feeding fat. This observation is in con- 
flict with a number of both earlier and later histological studies. 

Kischensky® observed fat globules in the gastric mucosa after feeding 
milk, olein, and oleic acid to kittens fourteen hours to four months old. 
Identical results were obtained whether he used osmic acid, Flemming’s 
solution, or scarlet red for staining his sections. In similar studies Wuttig' 


’von Kblliker, A., Physikal.-med. Gesellsch. in Wilrzhurg, 1857, vii, 171. 
* Cundo and Delamare, G., Compt. rend. Soc. dc Biol., 1900, lii, 428. 

’ Kischenskj', D., Beitr. z. path. Anal., 1902, ,\xxii, 197. 

’ Wuttig, H., ibid., 1905, xxxvii, 378. 
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observed that after the ingestion of fat the fundus as well as the pyloric 
region of the stomach contained fine droplets of fat in the epithelium and 
larger ones in the cells lying more deeply. In some sections, he could find 
few or no particles, while others were plentifully filled with them. Lamb,’ 
using Weigert’s method of myelin staining, found fat globules plentiful 
in the gastric mucosae of suckling kittens. Weiss® also found particles 
tinted by fat stains in the epithelium of the stomach of kittens and puppies, 
their frequency increasing from the fundus to the pylorus. He believes 
that the mucosa loses its power of “fat absorption” early in life, the fundus 
experiencing this loss first. 

The conclusion of Weiss has been opposed by Greene and Skaer.® These 
investigators have reported histological evidence which indicates that 
considerable fat is absorbed from the stomachs of old as well as young 
mammals, though they admit that the process is much less active in the 
former. Using alkaline alcoholic solutions of scarlet red as a stain, they 
have shown that the gastric epithelia of rats, cats, and dogs contain a 
large number of stained particles after ingestion of fat. The number of 
these droplets bears a proportional relationship to the length of time that 
fat has been in the stomach. First the border of the cells becomes filled 
with small droplets; gradually an increase in the niunber and size of the 
particles occurs, until finally the cells are abundantly filled with them, a 
maximum loading being observed six to fifteen hours after feeding. The 
assumption that these obseiwations represent a true absorption is based 
upon the constancy of this cycle. As fat leaves the stomach, the free 
borders of the cells lose their fat particles first, and thereupon those parts 
farther away from the lumen become free from fat particles. These find- 
ings were compared with others obtained from animals that fasted for 
twenty-four hours. Greene and Skaer also noted a similar cycle in the 
cells of the deeper gastric glands, but here the alternations ran their 
course much more slowly, and were not as extreme. 

From the histological findings of many investigators it thus 
appears that an increase in the amount of fat in the gastric mucosa 
and submucosa results when fat is ingested, and furthermore, the 
appearance strongly resembles the microscopic picture obtained 
during intestinal fat absorption. On the other hand, the few 
physiological data on the subject fail to confirm the histological 
observations. This apparent contradiction needs to be elucidated. 


’ Lamb, F. W., Jour. Physiol., 1910, xl, p. xxiii. 

» Weiss, O., Arch. }. d. gcs. Physiol., 1912, cxliv, 540. 

•Greene, C. M., and Skaer, W. F., Am. Jour. Physiol., 1911-12 xxix 
p. xxxvii; 1913, xxxii, 35S. ’ ’ 
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Experimental. 

As a check upon the methods employed in our physiological 
experiments the stomachs were excised in a number of cases and 
portions examined microscopically, mainly with the idea of deter- 
mining whether, under the conditions of the experunents to be 
described below, histological results could be obtained similar to 
those reported by Greene and Skaer and others whose work has 
just been described. Cats and dogs were used as experimental 
animals. 

The details of the conditions of the various experiments may 
be obtained from the illustrative protocols given in the appendix. 
The animals, which had their last meal eighteen to forty-five 
hours before the experiment, were anesthetized with ether or 
chloroform, after which the pylorus was ligated and fat intro- 
duced into the stomach. Anesthesia was maintained during the 
entire test periods. 

The fats used were cream, a peanut oil emulsion,’® and in one or 
two experiments, olive oil. After the animals were killed, pieces 
of the stomach from the pyloric and fundic regions were cut out 
and fixed in strong Flemming’s solution, stained with hematoxylin 
and differentiated for a few seconds. In a few instances pieces 
were fixed in formalin, sectioned with a freezing microtome, and 
stained with Sudan III. The sections were compared with those 
obtained from animals that had fasted for twenty-four hours. 

In a general way the histological pictures were similar to those 
described by Greene and Skaer and others. The sections stained 
with Sudan III showed the presence of more fat particles than those 
in which Flemming’s solution was used. In unfed animals very 
few or no fat globules were observed. No constant inequalities 
in the amount of fat found in the pyloric and fundic regions could 
be determined. In some animals there seemed to be more fat 
particles in one region, while in others a reversed condition 
existed.” 

'“This unusually permanent emulsion was supplied by Fairchild Broth- 
ers and Foster, and was stated to have the following composition : peanut 
oil, 45 per cent; lecithin, 5 per cent; water, 50 per cent. 

** In cases where the pylorus has not been ligated, obser'vers have usually 
reported a greater number of fat globules in the pjdoric area than in the 
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In a considerable number of sections practically no more fat 
was observed in the fed animals than in the control experiments. 
These negative results were particularly frequent in the earlier 
experiments. The cause of this undoubtedly was that pieces of 
stomach were cut from the part Ijdng uppermost. The animals 
were kept on their backs during the entire experiment and conse- 
quently it frequently happened that no fat was in intimate con- 
tact with the ventral part of the stomach. But even when pieces 
which had been selected from the dorsal region were examined, 
many sections were found to be practically devoid of any fat; the 
distribution was by no means uniform. Young animals had more 
fat in their mucosae than old ones. 

It should be noted that in Greene and Skaer’s experiments there 
was no surgical interference. In spite of the operative procedures 
in our work no great diSerence in the histological appearance 
resulted. 

INFUtTENCE OF XNTnODXJCTlON OF FAT OK BLOOD YA.T COKTEKT. 

Fai Absorption from Stomach. 

That an alimentary lipemia results when fat is absorbed has 
been demonstrated in many ways. The most satisfactorj" exi- 
dence has been furnished by Lattes^- and Terroine“ using the 
Kumagawa-Suto method, and Bloor'* with his nephelometric 
procedure. They have been able to show rises of 12 to 120 per 
cent above the initial values in the fat content of blood, during 
aliment aiy lipemia. 

If fat is absorbed from the stomach, a similar increase in blood 
fat may be expected to ensue; if no gastric absorption results, the 
level of blood fat should remain constant. 

Method . — ^The following procedure was used to determine 
whether anj^ fat left the stomach through its walls. Dogs were 

fundic. Greene and Skaer (’13) believe this to be due to the fact that the 
crj'pts of the cardiac region are small while those of the p^doric are larger 
and funnel-shaped, so that here all parts may more easily come in contact 
with the semi-fluid digested mass. 

Lattes, L., Arch. /. exper. Path. u. Pharmahol., 1911, brvi, 132. 

"Terroinc, fi. F., Jour, de physiol, cf dc path, gen., 1914, xvi, 21‘> 3S6 
and 40S. ' ' 

" Bloor, W. R., Jour. Biot. Ckcm., 1914, x\-ii', 377; xix, 1. 
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anesthetized with alcohol and chloroform; cats with urethane fol- 
lowed by chloroform. A laparotomy was performed and the 
pylorus was gently ligated with a strip of cheese-cloth.^^ About 
50 cc. of peanut oil emulsion warmed to 40°C. were given by sound, 
after which the wound was sutured. Throughout the experi- 
ments the animals were kept under light anesthesia, care being 
observed to prevent cooling; otherwise, conditions as nearly nor- 
mal as possible were maintained. The operations were completed 
in ten to fifteen minutes. The experiments were continued over 
periods varying from six to twelve hours. Samples of blood were 
taken from a marginal ear vein before the annuals were anesthe- 
tized, and at intervals during the experiment, by simply cutting 
the vessel with a razor and allowing the blood to flow directly into 
a weighed graduated flask containing an alcohol-ether mixture. 
In a few experiments on cats where blood could not readily be ob- 
tained from the ear veins, it was drawn with a syringe from a 
femoral vein. Results obtained by both methods of procuring 
blood samples agreed closely. 

Fat was determined by Bloor’s method. Oleic acid (Kahl- 
baum) was employed as a standard instead of triolein, the former 
being more easily obtained in a pure condition. The error of the 
method is 1 to 6 per cent. 

Choice of Anesthetic . — Bloor made a study of the effect of anes- 
thetics upon blood fat. From his results it appears that morphine 
has little or no effect while alcohol causes a slight gradual rise of 
less than 0.1 per cent, and ether a very marked increase. Chloro- 
form caused a slight fall of 0.05 to 0.08 per cent during three hours, 
but a subsequent rise was observed on the following two days. 
Chloroform, therefore, seems to be the most desirable for the pur- 
pose of these experiments, for blood fat is less affected by it than 
by any of the other anesthetics. 

The results of seven experiments, three on dogs and four on 
cats, performed in the manner just described are summarized in 
Table I. Six of them are represented graphically in Chart I. A 
typical protocol (I) will be found in the appendix. 

"When cord was used inflammation resulted, probably because of inter- 
ference with the circulation. To avoid this disturbance, advantage was 
taken of the fact that anesthesia usually inhibits peristalsis, so that it 
was only necessary to use broad strips of cheese-cloth gentb' drawn, to 
prevent passage of fat into the intestine. 
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Discussion and Conclusions.— From, these summaries and curves, 
it vail be observ-ed that invariabl}' a slight but distinct fall in the 
level of blood fat occurred after the administration of fat, quite 
comparable to the results obtained by Bloor in his experiments 

TABLE I. 
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on chloroform narcosis, though the decrease in our trials was 
usually a little more pronounced. The minimum level of blood 
fat was reached in three hours with cats, and in five hours with 
dogs, after wliich a gradual rise, back to the normal or nearlv so, 
resulted. Experiment LIV was perhaps the most satisfactory' of 
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this series for no operation was performed. In this case it was 
intended to study absorption from the alimentary canal under 
chloroform anesthesia, and fat was administered by sound just 
after the animal had been anesthetized. Peristalsis seemed to be 
inlubited during the narcosis, for the autopsy showed that no fat 
had entered the duodenum. 

No e\’idence that even the slightest fat absorption took place 
in any one of these experiments can be found in the data on blood 
fat. From Experiment LPV'' it would appear that the surreal 
procedure used does not necessarily interfere with the processes 
occurring in the stomachs of cats and dogs under chloroform nar- 
cosis. To show that the operative measures did not influence the 
blood fat content, this point was subjected to further verification 
in the following two experiments. 

A cat and a dog were anesthetized in the usual manner and the 
pylori were ligated. The wounds were then sutmed and blood fat 
determinations made at intervals. A slight lowering of fat con- 
tent resulted, similar to but not as pronounced as that which 
ensued when fat was put into the stomach. These protocols (II) 
are given in the appendix.*® 

Under normal conditions Terroine and others have found that 
the fat content of blood remains practically constant over long 
periods of time. This was confirmed in the experiments, one 
carried on for two daj's on a dog, and the other for eight hours on 
a cat. The average deviations were 1 and 2 per cent respectivel 3 ^, 
and these are well within the limits of error of the method of 
analj'sis. 


Fat Absorption from Intestine. 

As a further check upon the method emploj^ed, four experi- 
ments, three on cats and one on a dog, were performed to show 
that under the identical conditions prevailing, alimentarj’- lipemias, 
similar to those obtained normally, could be produced when fat 
was injected into the intestine. 

'* In the case of the cat, for some cause which cannot be e.xplained, a 
sudden rise of about 0.2 per cent occurred after this fall was noted. Such 
an increase was never again observed even when fat was introduced into the 
stomach. 
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Method . — ^The general plan was as follows: Animals were anes- 
thetized in the same way as in all the earlier experiments, the pylo- 
rus was ligated, and a fat emulsion introduced into the intes- 
tine. The animals were kept under exactly the same conditions 
as in the stomach experiments. 

The data are summarized in Table II and illustrated graphi- 
cally in Chart II. A typical protocol (III) is given in the appendix. 

TABLE ir. 

Summary. 


Content of Fat in the Blood during Absorption of Fat from the Intestine- 
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Discussion . — From these data, it may be observed that the 
initial fall in the level of blood fat, observed when peanut oil 
emulsion was introduced into the stomach, was more or less 
completely counterbalanced by the increase in the amount of fat 
due to absorption. However, in Experiment LIX, the onlj’’ one in 
which a dog was used, a decrease of almost 0.1 per cent occurred. 
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This difference in the behavior of the dog as compared with the 
three cats may be accounted for if the rate and degree of the 
initial fall be taken into consideration. When fat was introduced 
into the stomachs of dogs, a gradual lowering of blood fat ensued, 
extending over four to five hours, and amounting to from 0.11 to 
0.27 per cent; while with cats the decrease var3dng from 0.09 to 
0.14 per cent was not as great and the minimum was reached in 
three hours. "When the fifth hour had elapsed in the case of the 
dog, a distinct rise in blood fat manifested itself, while with cats 
this phenomenon occurred in three hours. 

The rises in the content of blood fat were 15, 35, and 67 per 
cent respectively above the normal values. The lipemias observed 
by Blooi»were as high as 100 to 120 per cent in a few experiments, 
while Terroine’s increases in blood fat during absorption varied 
from 15 to 90 per cent. The lipemias in our experiments were not 
as marked as the maxima obtained under normal conditions by 
the investigators just cited. One would hardly expect as marked 
rises in the fat content of blood in the writers’ experiments, for 
peristalsis was interfered with as well as the mechanism which 
normally activates the pancreas. However, lipase was added in 
one case and bile in most of the others, to promote absorption. 

The Stomach as an Organ of Absorption. 

To show that the ligated stomach may still function as an 
organ of absorption under the conditions hke those where fat was 
introduced into it, a similar experiment was performed in which a 
10 per cent solution of sodium iodide was added to the fat which 
rvas administered. In all other respects precisely the same pro- 
cedure was used. Estimations of fat and iodine were made on 
samples of blood at intervals, and the amount of iodine in the 
urine was also determined. For iodine determinations Seidell’s'^’ 
method was used. 

Blum and Griitzner^® have shown that detectable quantities of 
iodine do not occur in the blood; therefore, the entire amount 
present in the blood and urine in the above experiment may be 
taken as the minimal quantity absorbed, inasmuch as some iodide 

Seidell, A., Jour. Biol. Chcrn., 1911-12, x, 95. 

*®Bluin, F., and Griitzner, R., Ztschr.f. physiol. Chem., 1914, xci, 451. 
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is likely to be deposited in the tissues. After three hours 0.95 
gram of iodine was found in the blood, and 0.01 gram in the urine, 
the combined quantities are equivalent to 1.14 grains of sodium 
iodide or 46 per cent of the amount introduced. Considerable 
amounts of sodium iodide were therefore absorbed. On the other 
hand, no evidence of the slightest fat absorption could be adduced 
from the data obtained. They resembled those already cited. 
The different beharnor of the stomach toward sodium iodide and 
fat as an organ of absorption is strildngly shown on Chart III. 
The protocol (IV) is gjven in the appendix. 

Hanzlik*® found that when aqueous solutions of sodimn iodide 
were injected into the stomachs of cats, the amoimt absorbed in a 
half hour varied from 26 to 77 per cent. The writers’ experiment 
was carried on over.a longer period than were the experiments of 
Harizhk, but in a general way there is a close agreement between 
the results obtained, especially if a relation is assumed to hold 
true for sodium iodide similar to that which Salzman found for 
alcohol. He pointed out that fat-like substances, such as cream 
and emulsified egg yolk, lessened the amount of absorption of 
alcohol from the stomach. Hanzhk and Collins-'' discovered the 
same phenomenon to hold true for the intestine.-' 


General Discussion and Conclusions. 

There are two factors which come into plaj' in experiments of 
the type just reported; (1) absorption, and (2) deposition and 
utilization of fats. It is possible that the absorption maj' be so 
slow that the rate of disappearance of fat from the blood would 
equal it, in which case no rise in blood fat would result. That any 
considerable quantity of fat could be absorbed is verj- unlikely. 


'«Hanzlik, P. J., Jour. Pharmacol, and Expcr. Therap., 1911-12, iii, 3S7. 

=“ Hanzlik, P. J., and Collins, R.J., rtid., 191S-14, v, ISo. 

=‘ In this connection an experiment was made in which an alcoholic fat 
solution was introduced into the ligated stomach of a cat. It was thought 
that possibb alcohol might aid in the absorption of fat as it does with some 
salts, alkaloids, sugars, etc. Ordinarily a fall in blood fat of 0.05 to 0.15 
per cent ensued in three or four hours. In this experiment the blood fat 
remained practically constant. -A.dditional data are necessarv to deter- 
mine whcther.or not the alcohol had any influence upon absorption. 
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for fat leaves the blood slowly and ought, therefore, to become 
evident. Ordinarily the marked lipemias which occur during 
absorption extend over six or ei'ght hours. Bloor found that fat 
emulsions injected into the blood disappear very slowly, and the 
same phenomenon has been observed by Eabbeno;- they agree 
that the level of blood fat reaches its normal value in not less than 
seven hours. 

Despite the fact that amino-acids leave the blood stream quite 
rapidly, Folin and Ljunan^ have shown that considerable rises in 
the non-protein nitrogen of the blood occur after injecting glyco- 
coll, alanine, etc'., into ligated stomachs of cats. The amount 
absorbed in this way ordinarily cannot be great, for Abderhalden, 
London, and PrjTn-^ recovered almost all of the amino-acids ad- 
ministered per os from a duodenal fistula. 

From these considerations, one must incline to the belief that 
no noteworthy quantities of fat leave the stomach through its 
walls. If absorption does occur without producing a detectable 
rise in blood fat, because deposition and utilization take place as 
quickly as fat leaves the lumen,the rate must be exceedingly slow 
and the amount absorbed must be minimal at best.. 

FAT ABSOnmON STUDIED WITH THE AID OF FAT-SOLUBLE DYES. 

Experiments on the Stomach. 

The failure of fat to be absorbed from the stomach was further 
verified by the use of oil-soluble dyes. Fat can readily be traced 
by means of such stains as Sudan III and Alkanna red, and 
this method has been used for the study of fat absorption by 
a number of investigators.^ From what we know of the intesti- 
nal absorption of fat, it seems likel3’' that if am*' passes through 
the gastric mucosa it would proceed by vray of the Ijunph chan- 
nels. The lymphatics with which the stomach is richly sup- 


=- Rabbeno, A., Chem. Abstr., 1915, ix, 477. 

“ Folin, O., and L>Tnan, H., Jour. Biol. Chem., 1912, xii, 259. 

=• Abderhalden, E., PrjTn, O., and London, E. S., Zlschr. f. physiol 
Chem., 1907, liii, 326. 

Some of the literature on this subject is reviewed by Mendel {'09), 
and Mendel and Daniels (’12); see footnotes 27 and 30. 
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plied empty into the thoracic duct (Martin^®). After collecting 
the lymph, it can readily be learned whether or not any fat is ab- 
sorbed through this channel, by extracting the fluid with ether. 
If absorption occurs by Avay of the blood stream, any Sudan III 
which would be carried with the fat would probably be wholly or 
partly excreted into the bile. By collecting the bile, this point 
can be determined. 

Three experiments of a preliminary nature were performed, in 
which a laparotomy was made, the pylorus ligated, and peanut 
oil emulsion stained with Sudan III introduced into the stomach. 
The wound was then sewed up and the animal kept under chloro- 
form anesthesia. About 15 or 20 cc. of blood were drawn at the 
end of the experiment and after defibrination the desiccated resi- 
due was extracted with ether and the extract evaporated to dry- 
ness to determine whether or not any Sudan III was present. 
The durations of the test pei’iods were nine, twelve, and thirteen 
hours respectively. In no instance could any stain be found in 
the dried residue of the ether extract. 

The results indicate that under the conditions of the experi- 
ments, absolutely no absorption of stained fat took place by way 
of either the blood or lymph streams. It was pointed out above 
that the height of fat absorption occurred normally in six hours; 
whereas under chloroform anesthesia the maximum fat content of 
blood is reached in eight hours. The experiments were presum- 
ablj’-, therefore, carried on over periods sufficiently long to afford 
opportunity for absorption. 

It could be urged that if absorption were very slow the dye 
might be excreted in the bile without being detected in the general 
circulation. If absorption occurs by way of the lymph channel, 
one should be able to discover any Sudan III that would be carried 
along with it, inasmuch as so little as 0.00001 gram can be de- 
tected (Mendel and Daniels^^). If the blood stream were the path 
of absorption, however, it is quite probable that all of the dye 
might be immediately reexcreted into the bile, the latter being a 
better solvent for the Sudan III than is fat. 

-'Martin, P., Anatomie der Haustiere, Stuttgart, 2nd edition, 1911- 
Mendel, L. B., and Daniels, A. L., Jour. Biol. Client., 1912-13, .\iii, 71. 
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To answer these possible objections (and also gain additional 
data to confirm the results obtained thus far), a number of other 
procedures was planned to test each possible path of absorption 
separately. 

Experimental . — Cannulas were inserted into the thoracic and 
common bile ducts of dogs and cats, and absorption was studied 
under these conditions. As before, stained fat was introduced into 
the ligated stomach. At intervals samples of 10 to 20 cc. of l^unph 
were collected and dried with anhydrous sodium sulphate. Bile 
samples taken at intervals were dried in the same way after pre- 

TABLJ:. in. 


Summary of Data of Experimenls vrilh Sudan III Stained Fat in Ligated 

Stomach. 
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cipitating the bile pigments with barium hydro.xide solution. At 
the end of the experiment, 20 cc. or more of blood were defibrinated 
and dried also. The desiccated masses were extracted with ether 
and the extracts evaporated to drjmess to determine whether anj’- 
Sudan III was present. 

Eight experiments — ^four on cats and four on dogs — ^were per- 
formed in the manner outlined above. The duration of the test 
periods varied from five to twelve hours. Tj-pical protocols (Y) 
are given in the appendix. Results are summarized in Table III. 

In some cases, especially in old cats, the thoracic duct was 
merely ligated. Anj' absorption occurring under such conditions 
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must proceed through the blood stream. In none of these trials 
was Sudan III found in the bile or blood. 

In this connection mention may be made of an e.xperiment reported by 
Mendel (1909).^'’ A cat was fed with fat stained with Sudan Ili and four 
and a quarter hours later a cannula was placed in the thoracic duct. No 
dye was found in the ether extract of the lymph. Autopsy' showed that 
the fat had not entered the intestine and had probably remained in the 
stomach for about five hours. 

Discussio7u — If any fat were absorbed by way of the lymph 
stream, all the pigment going with it would be obtained in a rela- 
tively small volume. If absorbed by way of the blood, the greater 
part if not all of the Sudan III leaving the stomach ought to be 
found in the bile. Accordingly, even an insignificant amount of 
stained fat that left the stomach ought to be detected. 

From the data obtained it will be observed that in no instance 
was any stain found in the lymph; this agrees with the isolated 
result of Mendel, already referred to. Mendel’s experiment is 
interesting because, for some reason, the pylorus remained closed 
without any operative interference, and the conditions of the 
present experiments were thus simulated without opening the ab- 
domen. The writers were never able to find Sudan III in the 
blood or in bile from the gall bladder, except in Experiment 
XXXVI; nor was any ever detected in the bile collected during 
the test periods. In the one case cited a trace of dye was found 
in the residue of the ether extract of the bile. This unexpected 
finding is exceptional. It may have been an experimental error, 
or the stain may have been due to previously ingested carotin, 
which not infrequently shows a deep orange color. Since the 
pigment was only very small in amount, this isolated result is not 
regarded as significant. 

It is possible, of course, that amounts of Sudan III smaller 
than are capable of being detected by this method might have been 
absorbed, but such quantities are of no importance. This method 
is not open to the objection which pertains in the study of blood 
fat, namely, that absorption may equal the rate of deposition and 
utilization ; for here all absorbed stain should be found unchanged 
in the lymph or be in a comparatively small volume in the bile. 

Conclusions . — These experiments show: (1) that no fat was ab- 
sorbed through the lymph channels, since no dye could be ex- 
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tracted from the lymph; (2) that no absorption occurred by way 
of the portal circulation, because Sudan III was never found in 
the blood or bile. As far as this method allows, it is thus well 
established that no fat leaves the lumen of the stomach through 
its walls, since no dye could be detected in either of the circulating 
fluids. A further verification of these findings is found in the 
fact that the lymph never became turbid during an experiment 
as it regularly does after intestinal absorption of fat; in a num- 
ber of instances the lymph which was milky at the beginning of 
an experiment became clear in the course of a few hours. 

Experimenis on the Intestine. 

It may be contended that the conditions of the experiments 
were abnormal; this objection is one difiScult to answer in a com- 
pletely satisfactory manner. We know as a result of the work of 
many investigators — ^Folin and Lyman, SoUman, Hanzlik, and Pil- 
cher,*® and others, for example — ^that absorption of other sub- 
stances from the stomach can take place under circumstances 
similar to those prevailing in these experiments. 

Absorption of stained fat from the intestine will, however, occur 
under experimental conditions identical with those which existed 
in the cases where fat was placed in the stomach. 

Method . — In one experiment, fat was introduced in the stomach 
and allowed to go through the alimentary^ canal; in two others fat 
containing some desiccated ox bile in solution was injected into 
the intestine after ligating the pylorus, a glycerol extract of pan- 
creas being added to the peanut oil emulsion in one case. Tem- 
porary cannulas were placed in the thoracic and common bile 
ducts. The protocol (VI) of a typical e.xperiment is given in the 
appendix. 

Results . — ^When fat was allowed to pass through the alimentary 
canal, results tyijical of those reported by Pfliiger,*® Mendel,®® and 
others were obtained. The lymph and bile were quite pink. In 
the two experiments (one on a cat, the other on a dog) in which 

Solimann, T., Hanzlik, P. J., and Pilcher, J. D., Jour. Pharmacol 
and Expcr. Therap., 190a-10, i, 409. 

” PflOger, E., Arch. f. d. ges. Physiol., 1900, Ixxxi, 375. 

"Mendel, L. B., Am. Jour. Physiol., 1909, xxiv, 493. 
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fat was introduced into the intestine after ligating the pylorus, 
Sudan III was readily detected in the lymph also. 

In view of the ready absorption of fat from the intestine under 
operative procedures comparable with those which pertained in 
the negative gastric experiments, it is unlikelj’’ that the abnormal 
conditions will account for the failure of fat absorption from the 
ligated stomach. 


RESUME. 

Although there are histological indications that fat absorption 
may occur in the stomach (Kischensky, Wuttig, Greene and 
Skaer, and others), the lymphatics of this organ have never been 
observed to assume the same appearance that the lacteals of the 
intestine have during fat absorption. Klemperer and Scheurlen 
were able to recover 99.5 per cent of the fat introduced into a 
ligated stomach, after a test period of six hours. These phj’’sio- 
logical findings are the only ones reported on this subject until 
1909 when Mendel, in a research in which intestinal fat absorption 
was studied, incidentally noted a single instance when the pylorus 
did not allow stained fat given by sound to pass into the intestine. 
The Ijmiph from the thoracic duct showed no Sudan III to be 
present, though when stained fat was present in the intestine the 
lymph was always pink. As far as an isolated experiment can, 
this demonstrates that no fat is absorbed normallj’’ from the 
stomach in four and a quarter hours. 

In the writers’ work, no trace of fat absorption from the stomach 
could be demonstrated (1) by a study of blood fat after introduc- 
tion of fat into the ligated stomach, for here no rise in the fat 
content of blood could be obtained ; or (2) by tracing absorbed fat 
with the aid of Sudan III under similar conditions. The absorp- 
tion of fat from the intestine was readily demonstrated under ex- 
actly the same experimental procedures. 

However, sections of the stomach which had been in contact 
with fat showed fat droplets in cells similar in a general way to 
the findings of man}" investigators who have studied this problem. 
From these considerations it appears that histologicall}" demon- 
strable fat gets into the tissue of the stomach, but none passes 
through the submucosa and beyond, into the blood or lymph 
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streams- How can these apparently contradictory data be 
reconciled? 

We may assume that the cell is either partly lipoidal in nature 
or that it possesses a greater solubility for fatty substances than 
does water. Such an hypothesis is not at all unreasonable; in fact, 
it is believed by many physiologists that in mammals the cell 
exteriors are partly lipoidal. There is some experimental evi- 
dence which would tend to show that either one of these condi- 
tions assumed in the premise exists. Katzenellenbogen,’^ in a 
study on the absorption of various polyhydric alcohols from per- 
fused loops of intestine, showed, that the rapidity of absorption is 
proportional to the lipoid solubility of the alcohol in question. 
In a comparison of mannitol, erjdhrol, and glycerol, the last left 
the intestinal lumen most rapidly, while mannitol was the most 
tardy. It is not imlikely that the same relation may hold true 
for the cells of the stomach. 

Granting the fact that the gastric mucosa has a greater solu- 
bility for fats than has the gastric juice, the fatty substances 
would naturally pass from the place of lower to that of higher 
solubility. Once within the cells, the matter of transport becomes 
intelligible, and the histological observations of Greene and Skaer 
and others can be explained. 

The absorption and transport are apparently nil or exceedingly' 
slow and small in amount; for with methods that are fairly de- 
licate no detectable quantities of fat could be shown to be ab- 
sorbed either by way of the blood or lymph streams. 

APPENDIX. 

I. Selected Typical Protocols. 

Protocol I. 

Fat in the Stomach. Pylorus Ligated. 

Experiment LI . — Dog 9. Nearly full grown, 5.3 kg. Last meal con- 
sisting of chicken bones forty-three hours before the experiment. 

At 9.40 a.m. 18 cc. of 95 per cent alcohol diluted to 20 per cent were 
administered by sound. At 10.15 the animal was anesthetized with chloro- 
form; at 10.30 the abdomen was opened aseptically, the pylorus gently li- 
gated, and the wound sewed up. 50 to C9 cc. of peanut oil emulsion were 


“ Katzenellenbogen, M., Arch. f. d. ges. Physiol., 1906, c.xiv, 522. 
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given by sound at 10.50. Blood samples were taken at intervals noted 
below and the results are tabulated. The dog died at 10.45 p.m.; the last 
sample was taken from the heart. 

Time . 9 30 12 20 2 00 3 30 5 00 6 30 S 30 10 45 

Fat, per cent 0 85 0 75 0 72 0 72 0 79 0 82 0 83 0 7S 

Autopsy: No fat entered the intestine. 

Protocol II. 

Effect oj Operative Procedures and Chloroform Anesthesia. 

Experiment XLV . — Dog 8. Male, 7.8 kg. Last meal, twenty-four hours 
before the experiment, consisting of chicken bones and meat. 

At 9.40 25 cc. of 95 per cent alcohol diluted to 20 per cent were ad- 
ministered by sound. At 10.20 the animal was anesthetized with chloro- 
form. A laparotomy was aseptically performed at 10.15, and the pylorus 
gently ligated with a strip of cheese-cloth, after which the abdomen v.ns 
sewed up. Samples of blood were taken from a marginal ear vein before the 
ex’periment, and at the intervals noted below. At 1 p.m. the animal vom- 
ited a few bones and some meat. The abdomen was opened at 5 p.m. and 
the ligature removed. A good recovery was made. 

Time 9 30 12 30 2 50 4 50 6 00 

Fat, per cent 0 66 0 63 0 63 0 64 0 66 

Experiment LII . — Cat 50, Female, 3.3 kg. Last meal twenty-four 
hours previous consisting of cooked meat. 

At 9.10 a.m. 1.5 gm. urethane were injected subcutaneously. Anes- 
thesia at 10.00 with chloroform. Laparotomy aseptically performed at 
10 15, and the pylorus ligated at 10.20. The wound was then sewed up. 
Blood fat determinations were made at the intervals noted below. 

Time 9 20 12 00 2 00 4 00 6 00 8 00 

Fat, per cent 0 54 0 53 0 54 0 71 0 73 0 71 


Protocol III. 

Fat in the Intestine. Pylorus Ligated. 

Experiment LIX . — Dog 10. Female, just mature, 11.6 kg. Last meal 
twenty-ti\o hours before the experiment. 36 cc. of 95 per cent alcohol 
diluted to 20 per cent, administered by sound at 9.30 a.m. 

Operation at 10.05. The pylorus was ligated and 60 cc. of the oil emul- 
sion plus 5 gm. of desiccated ox" bile dissolved in 10 cc. of water were in- 
jected into the intestine at body temperature, at 10.15, The animal vom- 
ited; the ligature vas still firm. The abdomen was sewed up at 10.25 and 
60 cc. of the same mixture vere given by sound. The results of the blood 
fat determinations are given below. 


Time 

Pnt, per ceni 


9 25 II 45 2 00 4 00 6 00 8 00 II 15 

0 8 0 0 77 0 85 0 94 I 15 I 06 0 87 
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Autopsy; A verj’ little bleeding into the abdominal cavity occurred. 
The fat seemed to be almost completely absorbed, only a clear aqueous 
solution remaining in the intestinal lumen. 

Protocol IV, 

Sodium Iodide and Fat in the Stomach. Pylorus Ligated. 
Experiment LF.— Kitten 54. Male, 1.5 kg. Last meal eighteen hours 
before the experiment. 

At 10.00 a.m. 0.1 gm. of urethane were injected subcutaneously. The 
animal mas anesthetized with chloroform at 10.40. The pylorus was 
ligated and the abdomen sewed up. 50 cc. of oil emulsion containing 2.5 
gm. of sodium iodide in solution were given by sound at 10.55. The 
animal died at 2.00 p.m. The last samples of blood were taken from the 
heart. The bladder was excised and 11 mg. of iodine were found in the 
urine. The results of the blood analyses follow. 

Xitne ■ 10 00 12 30 2 00 

Fat. jKTcen/ . •- . . 0 SO 0 73 0.71 

Iodine, per cent 1 01 I 27 

Autopsy: The stomach was well filled but the intestine was empty. 

Protocol V. 

Stained Fat in Ligated Stomach. A Study of Blood, Bile, and Lymph. 

Experiment XXXI. — Cat 34. Male, 3.3 kg. Last meal twenty-four 
hours before the operation. 

At 9.15, 1.5 gm. urethane were injected subcutaneously. The operation 
was begun at 9.50. A cannula was inserted in the thoracic duct at 10.50, 
and another in the common bile duct at 11.05. The pylorus was ligated and 
50 cc. of stained oil emulsion warmed to 40°C. nere injected into the 
stomach at 11.15. The wound was then sutured. 

Both Ijunph and bile flowed rather slowlj’ but continuously throughout 
the experiment. At the beginning, the Ij-mph was milky, but it became 
clear at about 4 p.m. Ljunph from 11.15 to 4.00 amounted to 5 cc. ; bile for 
same period, 3 cc. Between 4.00 and 11.15 p.m. Ijunph and bile amounting 
to 12 cc. and 4 cc. respectively, were collected, the latter including a few 
drops of bile from the bladder. At 11.15 the animal was bled to death and 
25 cc. of defibrinated blood were dried down as well as the Ijunph and bile. 
In no case was any Sudan III found in the ether e.xtracts. 

Autopsy. Intestine empty. 

Experiment V. Dog 1. Female, 16 kg, 60 cc. of 95 per cent alcohol 
diluted to 20 per cent were given by sound at 11.20. Vomited about 50 
cc. of it. 

Operation at 12.00. Cannula in the thoracic duct at 12,30. The py- 
lorus was ligated and 50 cc. of stained cream were injected into the stomach 
at 12.40. The lymph Bowed well but was bloody. The animal was kept 
under ether anesthesia during the experiment. It died at 5.30 p.m. 
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Samples of 15 cc. of blood tvere taken from the left femoral artery at 1.30 
and 3 p.m. and a similar quantity was obtained from the heart at 5.40. 
The lymph obtained between 12.40 and 2.00 was 15 cc. ; between 2.00 and 
3.00, 20 cc. ; between 3 and 4, 15 cc., and between 4.20 and 5.30, 15 cc. 
None of the lymph or blood samples showed the presence of anj' Sudan 
III nor did 10 cc. of the 23 cc. of bile in the gall bladder contain any. 

Autopsy: A little bleeding occurred from a superficial vessel into the 
abdominal cavity. The pylorus was slightly inflamed. 

Experiment XXXIII. — Dog 3. Female, just mature, 17.5 kg. Last 
meal twenty-four hours before the experiment. At 9.45 a.m. 40 cc. of 
95 per cent alcohol diluted to 20 per cent were administered by sound. 

Operation at 10.30. Cannula inserted into the thoracic duct at 11.30, 
and another into the common bile duct at 12.00. The pylorus was ligated 
and 50 cc. of stained oil emulsion were introduced into the stomach at 12.10. 
2 gm. of ox bile dissolved in water, were injected into the intestine. The 
lymph and bile flowed very rapidlj' at first but slowed up considerably. 
At the beginning of the e.xperiment the lymph was slightly turbid but at 
2.30 it was quite clear and slightly bloody. 10 cc. of bile collected between 
12.10 and 4.00 w'ere taken as a sample and 25 cc. of the 145 cc. of lymph 
collected during the same period. 30 cc. of 100 cc. of lymph collected be- 
tw’een 4.00 and 8.50 and 10 cc. of 50 cc. of bile collected during the same 
period were dried as w'ell as 25 cc. of defibrinated blood, which were drawn 
at 8.50, wdicn the animal was killed by bleeding. In no case was any pink 
residue obtained in any of the ether e.xtracts of these fluids. 

Autopsy: Intestine was empty. 

Protocol VI. 

Stained Fat in the Intestine. Pylorus Ligated. 

Experiment XLII. — Dog 7. Female, 17 kg. Last meal twenty hours be- 
fore the ex^periment. At 9.00 a.m. 50 cc. of 90 per cent alcohol diluted to 
20 per cent were administered by sound. 

The dog w'as anesthetized with ether at 9.35. The thoracic duct was 
dissected out, and a laparotomy performed; the p 3 dorus was ligated at 10.00 
and 50 cc. of stained oil emulsion were injected into the intestine. A 
Ijunph cannula was inserted at 10.30. The lymph collected between 11.30 
and 1.30 contained no Sudan III. The ether extract of 2 cc. of lymph 
obtained at 5.15 was pink and contained a considerable quantity of the dj’e. 

Autops}': Slight inflammation about the pjdorus. 

II. Can Sudan III Dissolved in Alcohol be Absorbed from 
the Alimentary Tract? 

The question of absorption of alcoholic solutions of Sudan III from the 
stomach and intestine arose incidentalh' in the work on fat absorption. 
When cream was used it was sometimes stained b 3 ' adding a little saturated 
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solution of Sudan III, dissolved in 95 per cent alcohol. It seemed desir- 
able to determine whether or not any absorption of the dye could occur 
in this way independently of the fat. The stain is not very soluble in 
alcohol, especially in 20 to 50 per cent solutions of the latter. 

From (fie S(omach. 

In all of these experiments cats were used. Stained alcohol was injected 
into the ligated stomach and cannulas were placed in the common bile 
ducts. In one experiment the Ijipph was also collected. 

The results are summarized in Table R^. 

TABtil IV. 

Summary. 


Stained Alcohol in Ligated Stomach. 


Experiment Ko. 

Duration 

ot 

experiment. 

1 Strength 
of 

alcohol. 

Sudan Til in 

Bile. 

Blood. 

1 Lymph. 

VII 

hrs. 

6 

per cent 

20 

+ 



IX 

5 

20 

— 

— 


X 

51 

20 

— 

— 

— 

XI 

61 

20 

— 

— 


XIII 

6i 

20 

— 



XXII 

5 

50 

— 




Probably no Sudan III is absorbed from 20 or 50 per cent alcohol solu- 
tions. The single positive result in Experiment VII stands alone, for in 
all other cases no stain was found in the blood or bile, nor was any found 
in the Ijunph in the one experiment cited. 

From the Intestine. 

Seven experiments were performed in which alcoholic Sudan III solu- 
tions were injected into loops of intestine which had been washed free of 
bile, ndth saline. Cannulas were inserted into the common bile ducts. 
In two cases the thoracic ducts were ligated. 

The results of the experiments are summarized in Table V. 
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TABLE V. 


Summary. 


Experiment i 
No. 1 

Duration of 

Strenpth of 

Sudan III in 

Remarks 

experiment. I 

alcohol. 

Bile. 

Blad- 

der. 

Blood. 


hrs. 
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XXIII... 

3 

20 

— 

— 

— 


XXV... 

3 

20 

— 

— 

— 


XXXII... 

G 

20 

— 

— 

— 


XXVI... 


20 

— 

— 

— 


XXXVII.. 

5 

50 

— 

— 

— 


XXVII. . . 

3 

20 

1 

1 

— 

— 

Thoracic duct 
ligated. 

XXXIV. . . 

5 

20 

1 _ 



Thoracic duct 
ligated. 


In no instance was any evidence of absorption of Sudan III obtnincd. 
In one experiment not recorded above, in which the loop of intestine was 
not washed out, Sudan III was found in the bile, but not in the lymph col- 
lected for five and one-half hours after injection. The dye thus found ^^os 
probably absorbed in solution in some bile present in the intestine. 














A NOTE ON THE RATE OF METABOLISM OF PROTEINS 
AND AMINO-ACEDS. 


Bv N. W. JANNEY. 

{From the Chemical Laboratory of the Montcfiore Home and Hospital for 
Chronic Invalids, Hew York.) 

(Received for publication, July 1, 1915.) 

An interesting studj- on the rate of metabolism of amino-acids 
has recentl}" been reported b}-- Csonka from Lusk’s Iaborator3\i 
In feeding experiments with fasting phlorhizinized dogs, it was 
shown that the nitrogen and glucose originating from gh'cine and 
alanine were practicall}^ entirelj- excreted tvithin nine hours after 
ingestion. As in these experiments both nitrogenous and non- 
nitrogenous metabolic products of amino-acids can be studied, the 
data obtained are of more value than those of similarl3- resulting 
studies previous^ made on this subject, where Qnl3' the nitrogen 
could be observed.- Other amino-acids ma3' require, however, 
considerabl3^ longer periods of time for their metabolism when fed 
to fasting phlorhizinized dogs.® To enlarge upon several ex-pla- 
nations which ma3" be offered for this does not serve the purpose 
of the present communication. It suflSces here to emphasize that 
the metabolism of the simpler amino-acids requires under optimal 
conditions a period of about nine hours’ duration. 

In further experiments b3' Csonka glucosefed in like manner was 
found to require nearl3- the same length of time for its e.xcretion 
as the extra sugar of equivalent quantities of gl3'cine and alanine. 
From this observation the conclusion is drawn that the entire 
series of metabolic changes leading to the s3mthesisof glucose from 
amino-acids and its e.xcretion occupied a period of time but 
slightl3' in excess of that necessarj' for the simple absorption and 
elimination of the corresponding amount of ingested glucose. 

' Csonka. F. A., Jour. Biol. Chem., 1915, xx, 539. 

- Lcvene, P. A., and Mej'er, G. M., Am. Jour. Physiol., 1909-10, xxv, 
214. Bostock, G. D., Biochem. Jour., 1911, vi, 48. 

’ ScD protocols of H. D. Dakin’s e.xperiments. Jour. Biol. Chem.. 1913 
xiv, 321. 
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In the meantime it was discovered that the author in studying 
the rate of metabolism of proteins'* had made use of precisely the 
same conditions in feeding pure proteins to fasting phlorhizinized 
dogs as were employed in the amino-acid and glucose experiments 
of Csonka. The results of the two series, though obtained quite 
independently of each other, were found to be entirely comparable 
as to amounts of both extra nitrogen and extra glucose produced. 
By mutual agreement they were, therefore, prepared on the same 
principle and reported schematically on the same scale (see 
articles). 

In the present communication the I’esults of both experimental 
series are directly compared to each other by means of the sub- 
joined charts. The average results of five protein experiments, 
casein (2), serum albumin, gliadin, and edestin are represented 
as composite nitrogen and glucose curves. The combined re- 
sults of feeding glycine and alanine are given in like manner. 
For the sake of clearness nitrogen is recorded on a separate 
schema. Marked similarity is noted in the extra glucose curves 
obtained in all cases, whether as determined from ingested glu- 
cose, amino-acids, or proteins. The same holds true in the case 
of the nitrogen. Indeed the variations observed are scarcely 
greater than could be accounted for by experimental error. 

A clear demonstration is thus offered that the rate of 'protein metab- 
olism may he practically identical ivith that of amino-acids. The 
time required by the organism to effect digestion of the complex protein 
molecule into amino-acids and the metabolism of the latter is but 
little longer than that occupied by the simple process of absorption 
and elimination of glucose. The metabolic changes here involved 
include hydrolysis of protein into complex and simpler polypeptides, 
their breakdown into amino-acids, absorption of these products, 
deamination, synthesis of glucose and urea, elimination of glucose 
arid the nitrogenous end-products of protein metabolism. 

These experiments serve to demonstrate the relative rapidity 
characteristic of metabolic reactions and emphasize the conse- 
quent difficulties attending the study of any particular step in 
intermediary metabolism. 

The author desires to acknowledge his indebtedness to Professor 
Lusk for permission to use the data described above. 

■* J.'inncy, N. W., Jour. Biol. Chem., 1915, xx, 321. 




1S 3 46 6 7 6 9 

Protein extra nitrogen. 

Amino-aeid extra nitrogen. 

Chaht II. Extra nitrogen excretion following ingestion of proteins and 
amino-acids. Same experiments as in Chart I. 




THE QUANTITATIVE DETERMINATION OF THE TOTAL 
PROTEIN AND NON-PROTEIN SUBSTANCES 
OF MUSCLE. 

By N. W. JANNETT and F. A. CSONIvA. 

(From the Chemical Laboratory of tl^e Moniefiore Home and Hospital for 
Chronic Invalids, New York.) 

(Received for publication, July 1, 1915.) 

The study of muscle from the standpoint of quantitative 
analysis has as yet received too little attention. Even the ele- 
mentary composition of this organ cannot be regarded as verj' 
accurately established as the purity of the material examined is 
questionable. Attempts have also been made to ascertain the 
relative amounts of substances isolated from variouslj’- prepared 
muscle extracts but there exists no very exact knowledge of the 
percentage composition of muscle as a whole.* One of the chief 
causes of this uncertainty lies in the lack of an exact procedure 
for the separation and determination of the muscle proteins and 
the remaining constituents of muscle. The description of a 
method devised for this purpose is the subject of the present 
article. 

The principle employed is the removal of the non-protein sub- 
stances by means of extraction. Past experience has, however, 
made it doubtful whether a complete separation of the non-protein 
from the protein constituents of muscle can be effected by this 
means. On the other hand, the rather meager existing knowledge 
of the properties of muscle proteins precludes a departure from the 
extraction procedure. In spite of these difficulties it is believed, 
however, that the method described below will be found, if not 
rapid, to be sufficiently accurate for all general requirements. 

* For literature see Konig, J., Chemie der menschlichen Nahrungs- 
und Genussmittel, Berlin, 4tb edition, 1903. von Furtb, O., and Schwartz. 
C., Biochem. Zlschr., 1911, xxx, 413. Hammarsten, O., Lehrbuoh der 
physiologischen Chemie, Wiesbaden, Sth edition, 1914, 539 and 565. 
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Proteins and Non-Proteins of Muscle 


Aside from its value in the quantitative determination of muscle 
extractives, the procedure described is useful whenever it becomes 
desirable to ascertain the exact amount of protein present in 
muscle.” 

Extraction of Muscle. 

It has been observed by various workers that dried muscle can 
not be freed from non-protein substances even by prolonged ex- 
traction with ether. If, however, small amounts of the fresh 
organ be properly prepared, all but a minute quantity of the non- 
protein substances can be fairly easily removed bj"- extracting suc- 
cessively with water, alcohol, and ether. 

In the following control experiments the previous preparation 
and the extractions were carried out as described in the detailed 
account of the method (see below). The degree of completeness 
of the aqueous extraction was studied by reextracting in like man- 
ner a second and third time with additional water. The extracts 
so obtained were acidulated and evaporated to dryness on the 
water bath. But 1 to 3 mg. of solid substance were obtained as 
residues in each case. These residues on being dissolved in a few 
cc. of water failed to respond to the usual tests for the presence 
of protein. They evidently consisted of fat. To promote com- 
plete coagulation a little sodium chloride is added before treat- 
ing with water. Other control experiments have demonstrated 
that the protein residue is free of this salt when the extraction is 
carried out as detailed. The material is then extracted in a 
Soxhlet apparatus twelve hours with 95 pei cent alcohol. In ad- 
dition extraction is continued in like manner six hours with 
absolute alcohol and a final six hours with ether. The results of 
an examination of the absolute alcohol and ether extracts for solids 
appear in the following tab’e. 

It is evident that the previous extraction with 95 per cent alco- 
hol had removed all the alcohol-ether-soluble substances in nearly 
all cases. It is not safe, however, as the table demonstrates, to 
omit routinely the treatment with absolute alcohol and ether. 
The protein residues obtained in this way by extraction with 

' The proposed method has also been employed with fair results for 
organs other than muscle. This application has not as yet been extensively 
studied. 
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TABLE L 

Exlraclion oj Fresh Muscle. 


Species. 

Malcriai taken. 

Absolute alcohol 
residue. 

1 Ether residue. 


gm. 

9.948 

' 

5.2 

mg, 

0 


9-S2S 

0 

0 


9.860 

0 

0 

Ox 

11.932 

3.4 ! 

8.2 

Ox* j 

14.789 1 

228.8 

11.7 


9.482 ' 

0 

0 


10.871 

0 

0 


10.093 

0 

0 

Cat 

9.838 

0 

0 





* This material contained large amounts of tough connective tissue 
and fat. 


water, 95 per cent alcohol, absolute alcohol, and ether, were again 
extracted for varying periods of time vlth alcohol followed by 
ether. These extracts failed on examination to yield any solid 
residue whatever. In making such control examinations, it is 
necessary to employ extraction apparatus with ground glass parts 
and to make sure of the absence of dissolved substances in the 
solvents previous to their employment for extraction. As a 
further control of the completeness of extraction, the protein resi- 
dues were subjected to various examinations (see below). 

Method in Detail. 

The fresh muscle is quickly freed from all visible fat and con- 
nective tissue, passed through a meat grinder, and thoroughly 
mixed. About 10 grams are weighed by difference from a weigh- 
ing glass provided with a ground glass lid into a beaker glass of 
about 400 cc. capacity. After the addition of 100 cc. of distilled 
water and 5 cc. of a 10 per cent sodium chloride solution, the 
contents of the beaker are heated with stirring to 90°. In a few 
minutes’ time at this temperature all turbidity in the liquid usu- 
ally disappears. Coagulation can, however, be completed if 
necessarj' by the drop by drop addition of a maximum of tw^enty 
drops of T acetic acid. Boiling and excess ot acid should be 
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avoided. The coagulated material is allowed to settle and the hot 
supernatant liquid decanted through an ordinary round filter of 
12.5 cm. diameter, which has previously been extracted with alco- 
hol and ether, dried, and weighed. The contents of the beaker 
are further extracted in like manner with 300 cc. of hot water 
added in three portions. The protein material is then brought 
quantitatively on the filter and washed twice with water. A thin 
pellicle of fat w’^hich sometimes forms on the side of the beaker may 
be disregarded. If the coagulation has been properly carried out, 
the extract should filter readily, and be water-clear or at most 
show but a faint opalescence. 

The moist filter is now carefully folded about the protein ma- 
terial, rvhich is inserted in an extraction hull and extracted in an 
ordinary Soxhlet apparatus twelve hours with 95 per cent alcohol. 
The 95 per cent alcohol is then replaced by absolute alcohol and 
extraction continued six hours. A six hour ether extraction fol- 
lows in like manner, without removal of the material from the 
apparatus. Care must be taken that the filter paper projects 
beyond the upper level attainable by the solvent which must 
then completely surround the protein. After completion of the 
extraction the filter with its contents is removed from the appa- 
ratus, dried to constant w'eight at 110° in a weighing glass pro- 
vided with a ground glass lid, and the previously ascertained weight 
of the filter deducted. For greater accuracy 1 per cent of the 
weight of anhydrous protein may be subtracted in order to allow 
for the small residuum of fat and ash contained in it. Duplicate 
analyses usually agree to within 0.3 per cent. The same limit 
of error holds true for nitrogen determinations made in the pro- 
tein preparations so obtained. 

The total amount of non-protein substances w'^hen desired may 
be calculated by deducting the weight of the protein from that of 
the total solids contained in the fresh muscle. Total solids are 
determined as follows. From the sample glass, about 1 gram of 
the meat is w'eighed by difference into a small weighing glass, pro- 
vided likewise wdth a ground glass cover. Drying is carried out 
in vacuum at room temperature for twenty-four hours, then at 
55° to 65°. 
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Muscle Proteins. 

The protein material from various analyses made as just de- 
scribed was examined to determine its purity. In appearance 
it resembled, except for pigmentation in some cases, pure prepa- 
rations of isolated proteins. All preparations were partly soluble 
in TV sodium hydroxide solution. The presence of carbohydrate 
was tested for by the delicate Molisch reaction, fat determined 
according to the saponification method of Gephart and Csonka/ 
nitrogen according to Kjeldahl. The results of this examination 
appear in Table II. 


TABLE n. 
MtiscJc Proteins. 


Proteins. 

Amount present in 
muscle. 

Nitrogen.* 


EM.** 

llolisch 

inaction. 


Preah- 

Anhydrous. 





Dog 

JBk 


per cent 

16.4 

pr* ceni 

0.1 

percent 

1.3 

Negative 

Ox 



16.5 



Negative 

Chicken 


69.9 

16.7 

0.2 

0.5 

Trace 

Fish (halibut).. 

16.2 

81.8 

16.5 

0.3 


Negative 

Rabbit 

15.4 

66.7 

16.4 

0.1 

0.8 

Negative 


* Calculated for anhydrous, ash- and fat-free material. 
** Calculated for anhydrous material. 


It may be stated in general that the purity of the preparations 
of the muscle proteins corresponds rather favorably to that of 
analytically pure isolated proteins examined in like manner for the 
sake of control. This holds true entirely for carbohydrate and ash 
present and in most cases for fat. Apparently a small amount of 
fat escapes extraction, even when this is continued until all sol- 
uble substances are removed as in the present instance. With 
regard to the nitrogen, we have carried out nearly forty analyses 
in such muscle protein preparations from the dog, ox, chicken, 
fish, rabbit, and man. The variations in the results of these 
analyses are but little greater than what might be expected for the 
same number of preparations of pure isolated proteins. Nitro- 

» Gephart, F. C., and Csonka, F. A., Jour. Biol. Chem., 1914, xix, 521. 
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gen calculated asb-free varied from 16.2 to 16.7 per cent regard- 
less of species. In view of the fact that the material cannot be 
regarded as entirely homogeneous, these results may be considered 
to coincide rather closely with each other. Osborne and co- 
workers have obtained slightly lower nitrogen values in muscle 
proteins prepared in a similar way.^ The ash values were some- 
what higher. 

Previously reported analyses of muscle, hydrol 5 '^ses with amino- 
acid determinations, as well as the nitrogen estimations in carefully 
purified material just described indicate that the general composi- 
tion of muscle 'protein is very probably nearly the same for all specks 
of higher animals. This similarity of composition is also empha- 
sized by the observation that the metabolism of muscle proteins 
from different animals yields glucose in nearly the same amount 
in all cases studied.® 

Non-Protein Constituents of Mxiscle. 

In order to become more conversant with the amounts of these 
substances, relative to the entire muscle and to solvents employed 
in their separation, the extracts from a series of analyses were 
studied with this in view. The aqueous and alcoholic portions 
were acidulated, evaporated to dryness on the water bath, ren- 
dered anhydrous, and weighed. The weight of these residues plus 
that of the protein obtained as the end-product is compared to the 
weight of dry muscle taken for analysis in Table III. Nitrogen 
Ibalances calculated in a like manner from the nitrogen contained 
in the extractives and in the protein residue appear also. Evi- 


TABLE III. 

Balance of Solids and Nitrogen. 



Dog. 

O.'c. 

i 

Chicken, | 

Fish (hiilibut). 

1 

Solids 

jicr cent 
recovered 

99.7 

99.9 

per cent \ 

recovered 

100.6 

100.9 

■1 


Nitrogen 



■* Osborne, T. B., and Heyl, F. W.. Am. Jotir. Physiol., 1908, xxii, 433. 
Oisborne, T. B., and Jones, D. B., ibid., 1909, xxiv, 437. 

‘ See next succeeding article. 
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dently it is possible to collect the extract substances wthout verj- 
appreciable loss. Data concerning these non-protein muscle sub- 
stances have been calculated from these results and appear in 
Tables IV and V. The examination of the muscle proteins ap- 
pearing in Table II was made from material in the same analyses 
as were used in the succeeding tables. It is to be borne in mind 
that the information here given refers to particular analyses and 
is not to be considered as representing average results for each 
species. 


TABLE IV. 

Non-Protein Substances in 100 Grams of Muscle. 



Fresh causcic. 

1 Anhydrous muscle. 

Amount of 
extraettvea. 

ExtToert 

nitrogen. 

1 Amount of 
■extractives. 

Extract 

nitrogen. 


ffm. 

gm. 

1 

gm. 

Dog 

8.4 

0.47 

33.1 

1.83 

Ox 

5.5 

0.37 

24.7 

1.67 

Chicken 

7.7 

0.45 

30.1 

1.86 

Fish (halibut) 

3.6 

0.35 

18.0 ' 

1.71 


TABLE V. 


Non-Protein Muscle Substances {100 Grams). 



j Soluble in water. 

1 Soluble in alcohol. 


! gm. 

gm. 

Dog 

42.7 

57.3 

0.x 

65 7 


Chicken 

56.3 

,o 

43.7 

Fish (halibut) 

64.0 

36.0 













THE METABOLIC RELATIONSHIP OF THE PROTEINS 
TO GLUCOSE. 

n. GLUCOSE FORMATION FROM BODY PROTEINS. 

Bt N. W. JANNEY AJn> F. A. CSONKA. 

(From the Chemical Laboratory of the Montefiore Home and Hospital for 
Chronic Invalids, New York.) 

(Received, for publication, July 1, 1915.) 

Evidence has been advanced that glucose is to be regarded as a 
normal intermediary product of protein metabolism. In a pre- 
vious communication it was shown that the amounts of glucose 
yielded in the organism by various ingested proteins could be defi- 
nitely determined.’ The present article deals with glucose origi- 
nating in the metabolism of body proteins. As previous calcu- 
lations of the amount of protein which the organism is able to 
convert into sugar have been based on the relative amounts of 
glucose and nitrogen appearing in the urine of fasting diabetic 
animals, i.e., the G: N ratio, a study of this value is consequently 
included. 

The fully phlorhizinized fasting dog excretes glucose and ni- 
trogen, according to Lusk, in the ratio of 3.67 : 1. The G: N ratio 
3.67:1 has been generally accepted. Elsewhere, however, Lusk 
has used a slightly higher factor, namely, 3.7; 1.' Making use of 
fasting phlorhizin periods with ratios 3.00 to 4.00 only, the authors 
have also calculated the same ratio from fifty-one observations 
of this author’s experiments (Stiles and Lusk). 

In recent years, however, there have been reported more ex- 
tensive series of observations on fully phlorhizinized dogs.- The 
average G; N ratios from the fasting twelve or twenty-four hour 
periods of these experiments have been collected in the following 

‘ Janney, N. W., Jour. Biol. Chan., 1915, xx, 321. (See also for litera- 
ture.) 

* Ringer, A. I., Dakin, H. D., Benedict, S. R,, and Osterberg, E. 
Janney, N. W., Csonka, F. A., ibid., 1912-15, xii-xx, etc. 
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table. Only ratios between 3.00 and 4.00 are here considered. 
Standard anal 5 d;ical methods were employed in all cases. 


Average Glucose: ‘Nitrogen Ratio. 


I 

Author. 

G:N. 

1 

No. of periods. 

i 

Ringer 

3.49 

82 

Dakin 

3.45 

42 

Benedict 

3.48 

15 

Csonka (Lusk) 

3.46 

4 

Janney 

3.35 

84 

Average G: N ratio 

3.43 

227 

! 


In practically all these experiments 1 gram or more of phlor- 
hizin was injected dailj'- according to Coolen, the modern 
technique. In such experiments a somewhat lower G:N ratio 
has been observed at times, during the night periods, and may be 
ascribed to failure of excretion of all the glucose in the organism 
at that time. As it has been shown by Lusk that under these 
circumstances the residual glucose is excreted after the next 
phlorhizin injection with corresponding elevation of the G:N 
ratio of the next succeeding period, the size of the mean ratio 
wnuld not be affected. We wnuld not, therefore, ascribe the 
low average G ; N ratios of the table to inadequacies in the 
technique employed.^ 

The value 3.4S: 1 taken from the table represents, it is believed, 
the average urinary G;N ratio for the fasting phlorhizinized dog 
more accurately than do the higher ratios previously reported. 
The urinary G ; N ratio cannot, however, be regarded as a very 
exact basis for estimation of the amount of glucose derivable from 
body protein. The follow'ing consideration makes this plain. 
Total nitrogen of the urine contains only about 95.3 per cent of 
nitrogen derived from glucogenetic proteins, as about 4.7 per 
cent of the total nitrogen of fasting phlorhizinized dogs originates 

’ Feces are usually entirely absent in such experiments. The nitrogen 
of starvation feces can be disregarded in caleulations of the G:N ratio 
as it is of alimentary origin. Mendel, L. B., and Fine, M. S., Jour. Biol- 
Chcni., 1912, xi, 5. 
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from creatine, creatinine, and purines/ These substances in all 
probability yield no glucose in the organism, as meat extrac- 
tives, in -which they are present in considerable amount, have 
been shown to be non-glucogenetic/ The ratio 3.43:1 cor- 
rected for this source of error becomes 3.60: 1. The ratio 3.60: 1 
may then be regarded as corresponding more exactly to the rela- 
tion existing between the nitrogen of glucogenetic body proteins 
of the dog broken do-wn in starvation, and glucose of the same 
origin. 

The G:N ratio just described is calculated from the total 
urinary nitrogen and glucose yielded by all the organ proteins 
undergoing decomposition in the fasting phlorhizinized animal. 
The muscle proteins rmdoubtedly occur, however, in more abun- 
dant amounts than do any other proteins in the body and it 
can be properly surmised that most of the urinary nitrogen and 
glucose of fasting animals originates in muscle proteins. The 
size of the ratio existing between the glucose and nitrogen 
yielded by the breakdovm of body protein is, therefore, in all 
probability largely determined by the glucose and nitrogen yielded 
by muscle proteins. It has been demonstrated elsewhere that 
isolated proteins produce, according to their composition, various 
amounts of glucose on ingestion by phlorhizinized dogs. If the 
protein glucose : nitrogen ratio 3.60: 1 established by the authors 
for the dog be correct, dog muscle proteins should, therefore, 
be found under the same circumstances to yield an amount of 
glucose which would bear to the nitrogen of these proteins about 
the same relation as 3.60: 1. 

A purified preparation of the total proteins contained in dog 
muscle, and fresh dog muscle containing a kno-wn amount of 
total protein, was accordingly fed to fasting phlorhizinized dogs 
and the metabolic glucose derived from the protein calculated. 
As the average result of seven experiments, 56.34 grams of glucose 
per 100 grams of protein containing 16.13 per cent of protein ni- 

• Total creatine nitrogen was calculated from the tables of Wolf, C. G. 
L., and Osterberg, E., Am. Jour. Physiol., 1914, xxviii, 71. Benedict, 
S. R., and Osterberg, E., Jour. Biol. Chem., 1914, xr-iii, 195. For purine 
nitrogen the value 0.10 gm. was accepted. fWiechowski, W., in Neu- 
bauer-IIuppert’s Analyse des Hams, Wiesbaden, lltb edition, 1913, 912 ) 

‘ Csonka, Jour. Biol. Chem., 1915, xx, 539. 
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trogen were recorded. The G ; N ratio obtained from these values 
is 3.49: 1, which corresponds quite closely to the average urinary 
G: N ratio 3.43: 1, calculated by the authors. As the nucleic acid 
contained in the muscle protein is very probably not glucogenetic^ 
nucleic acid nitrogen estimated as about 0.34 gram per 100 grams 
of muscle protein has accordingly’- been deducted from the total 
nitrogen contained, 16.13 — 0.34 = 15.79 grams. Inasmuch as 100 
grams of muscle proteins yielded 56.34 grams of glucose in the 
organism, the corrected ratio S.57: 1 represents more exactly’ the 
relation between the nitrogen and glucose arising in the metab- 
olism of the muscle proteins. The ratio 3.57: 1 corresponds 
nearly to the corrected urinary G:N ratio 3.60: 1 (see above). 
From the urinary ratio 3.60: 1 and 6.26, the general 'protein factor, 
67.5 per cent of body protein, is calcidated to be convertible into glu- 
cose. The amount of muscle proteins, the most abundant of all body 
proteins, converted into glucose in actual feeding experiments, is 
66,3 per cent. The close correspondence of these values is striking. 
Furthermore, the amounts of glucose arising in the metabolism 
of three other body’- proteins have been determined as follows: 
serum albumin 55 per cent, gelatin 65 per cent, fibrin 53 per cent, 
average 57.7 per cent.® From this it may be inferred that, though 
various amounts of glucose are yielded by various body’- proteins 
occurring in relatively’ lesser amounts in the organism, yet their 
average glucose y’ield will probably be found to correspond like- 
wise rather closely to that of total body proteins or of muscle pro- 
teins. Lusk has calculated that 58.7 per cent or 60 per cent of 
body proteins of the fasting phlorhizinized dog are convertible into 
glucose. The close correspondence of these ratios to those es- 
tablished in the present paper is due to the fact that the higher 
urinary ratios, respectively 3.67: 1 and 3.70: 1, were employed and 
no allowance was made for nitrogen arising from non-gluco- 
genetic substances (see above). If this correction be made, the 
protein glucose ratio 3.9: 1 is obtained, from w’hich 62 per cent 
of protein (factor 6.25) w'ould be convertible into glucose. In a 
similar -w’ay Cremer has indeed calculated 68 per cent of glucose 
using the ratio 3.7:1. It is believed that the investigation de- 
scribed above offers an adequate explanation based on direct expen- 


' Janncy, loc. cil. 
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mental evidence for the size of the average urinary G: N ratio in the 
phlorizin diabetic dog. That all the glucose and no more arising in 
the breakdovm of body protein appears in the itrine is made evident. 

No explanation is as yet afforded, however, for unusually high 
or low G;N ratios. The latter are occasionally met with in 
dogs and are the rule in other animals. For the study of this 
question the rabbit was selected. The G : N ratio in phlorhizinized 
rabbits averages about 2.8 : 1. Feeding ex-periments were accord- 
ingly carried out and the glucose derivable from the metabolism 
of rabbit muscle proteins was determined in the same manner 
as previously described for dog muscle. 

It was found that an average of 60 per cent of rabbit muscle 
protein is convertible into glucose. The corresponding G:N 
ratio is 3.8; 1, making due allowance for nucleic acid nitrogen (see 
above). Though the urinary G: N ratio for the rabbit is 2.8: 1, the 
chief bulk of its body protein produces even more glucose than that of 
the dog with a urinary G:N ratio of 8.43:1. Evidently the calcu- 
lation based on the urinary ratio 2.8: 1, that a maximum of 45 per 
cent of glucose is yielded by the proteins of the rabbit in metabolism, 
is to be considered erroneous. 

For the very high ratios (over 4.0; 1) rarely met with in phlox - 
hizin diabetic dogs, no adequate explanation has hitherto been 
offered. According to the authors’ analyses, about 13 per cent of 
the total nitrogen in fresh muscle is present in extract substances. 
The amount of nitrogenous extractives in muscle is known to varj' 
considerably. It is possible that when these substances are present 
in small quantities, this may account for the high urinary G;N 
ratios. 

In view of the above mentioned data a distinction must evidently 
be made between the urinary G: N ratio arid the G: N ratio calculated 
from glucose and nitrogen arising in the metabolism of body pro- 
teins. The latter value has been shovm to be about 3.6; 1 for the 
dog and 3.8; 1 for the rabbit. There is also reason to believe that 
values could be obtained in a similar way for other species of 
higher animals which would show no great de%dation from those 
just mentioned. In case of the ox and chicken, muscle protein 
liydrolyses with amino-acid determinations have been made.' 


• Osbomc, T. B and Heyl, F. W.. Am. Jour. Physiol., 190S, xxii, 433. 
Osborne, T. B., and Jones, D. B., ibid., 1909, xxiv, 437. 
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From these data it has been calculated that ox muscle proteins 
undergoing metabolism in the organism can be expected to yield 
approximately 57.5 per cent glucose, corresponding to the G:^ 
ratio 3.6: 1, and chicken 54.5 per cent glucose, G: N ratio 3.5: L* 
The fact that no very obvious change has been observed in the 
urinary G: N ratio of the phlorhizinized dog when beef has been 
ingested makes it also probable that similar amounts of glucose are 
yielded by the bod}'- proteins of the ox. From the urinary ratio 
3.6:1 reported for man in severe diabetes mellitus and phlor- 
hizin diabetes,” it may be inferred that the amount of metabolic 
glucose yielded by the body proteins of the human species will he 
found not to deviate very widely from the values just described."’ 
As reported anab’-ses of muscle proteins of various higher animals" 
show' a close correspondence to each other, it may be inferred that 
their general composition is also very similar. Consequently the 
amount of glucose formed in the metabolism of these substances 
w'ould probably be found to exhibit but slight variations In each 
jase. 

Accepting that the muscle proteins and probably the total body 
proteins of higher animals yield in their breakdow'n in the organ- 
ism amounts of glucose and nitrogen corresponding to about the 
average ratio 3.6:1 (57.5 per cent glucose), what explanation 
can be offered for the occurrence of the much lower urinary G: N 
ratio, approximately 2.8: 1? This lower ratio is the rule in phlor- 
hizin diabetic animals (I'abbit, cat, goat, exceptionally dogs). 
From it has been calculated that 47 per cent of protein is conver- 
tible into glueose.*” That this value for the dog and rabbit is very 
considerably less than the maximal amount of sugar, which can 
originate in the breakdow'n of the body proteins of these ani- 
mals, the experiments described in this article demonstrate. lu 
the case of the lower ratio obviously but two causal alternatives 

® For mode of calculation employed, see Janney, loc. 'cil. 

® Mandel, A. R., and Lusk, G., Jour. Arn. Med. Assn., 1904, xliii, 2-11. 
Foster, N. B., Dnttsch. Arch. f. klin. Med., 1913, cx, 501. Benedict, S. R-. 
and Lewis, R. C., Proc. Soc. ISxpcr. Biol, and Med., 1913-14, xi, 134. 

Experiments on this subject are being carried out. The results so 
far obtained nearly coincide with those reported for the dog and rabbit. 

See immediately preceding article. 

Others have previously calculated 45 per cent for this value. The 
v'alue 47 per cent is based on the G: N ratio 2.8; 1, corrected for creatine, 
creatinine, and purine nitrogen as above. 
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can be possible. Either less glucose in proportion to nitrogen 
set free is formed from protein or all the glucose formed is not 
excreted in the urine. 

With regard to the first explanation two possibilities are appar- 
ent. Either nitrogen in this case is set free from protein in con- 
siderably larger relative amounts than are carbon, hydrogen, and 
oxj'gen, or, if protein is broken down as usual, the ability to sjm- 
thesize glucose must be lessened. Both these views are difficult of 
acceptance. It seems very unlikely that the above mentioned 
atjTjical breakdown of protein is possible as it would depend on 
extensive splitting off of amino-groups or even cyclically combined 
nitrogen without the freeing of the corresponding carbon, oxygen, 
hydrogen chains, which yield glucose. Again if the power to 
synthesize the usual amount of glucose derivable from protein be 
lost, it is reasonable to suppose that animals exhibiting the low 
G ; N ratio would likewise be unable to synthesize the full amount 
of glucose possible of formation in the metabolism of ingested 
proteins. This is not the case, as sugar is produced from food 
proteins in like quantity in experiments showing either high or low 
ratios.*® 

In pancreas and phlorhizin diabetes exhibiting the G: N ratio 
2.8: 1 it seems probable, then, that though the usual amount of 
glucose is fonned from protein, it fails of complete excretion. In 
explanation it has been presumed that dextrose may exist in the 
organism in two or more colloidal combinations (Loewi, and Man- 
del and Lusk) . Differences in combustibility of these colloids have 
been held to account for the different G:N ratios of diabetes. 
This hypothesis lacks experimental confirmation. The further 
suggestion of Lusk that the varying ability of amino-acids of 
body protems to yield glucose can be responsible is not substan- 
tiated by the experiments reported in this series of articles. 

A full discussion of this important question lies be 3 'ond the 
scope of the present article. The authors’ views may, however, 
be stated in abstract as follows. Though glucose cannot be fully 
oxidized to oxygen and carbon dioxide in complete diabetes char- 
acterized by the urinary G: ratio 2.8: 1, there is certain accept- 
able evidence that it can be utilized, necessarilj'’ in some other 
manner, by the tissues of such diabetic animals. Glucose, at 

” Janney, loc. cit. 
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least in any considerable quantity, is not stored as glycogen 
under these circumstances. Repair and maintenance of organ 
proteins can probably be accomplished synthetically from the 
intermediary products of carbohydrate metabolism and nitrogen.” 
It seems possible, therefore, that a portion of the glucose formed 
from the products of protein breakdown, may escape elimination 
from the body in this case, because it is synthetically utilized 
within the organism. In phlorhizin diabetes, exhibiting the 
higher G: N ratio, another condition may prevail. Here both the 
power of complete oxidation of glucose and its synthetic utiliza- 
tion may be lost. The maximal amount of this carbohydrate 
formed by the metabolism of body proteins consequently appears 
in the urine. 

Further studies on this subject as well as the medical applica- 
tions of the data of this series of articles and additional experi- 
ments are reserved for future communications. 

SUMMARV. 

The average urinary G : N ratio in the fasting phlorhizin 
diabetic dog is found to be 3.4: 1, rather than 3.67: 1 (Lusk). 

The body proteins of the dog collectively yield in metabolism 
about 57.5 per cent of glucose corresponding to the ■protein G; F 
ratio 3.6.T; body proteins of the rabbit about 60 per cent glucose, 
protein G: N ratio 3.8: 1. 

Bod}’’ proteins of the other higher animals, including man, 
verj’- probably jdeld nearly the same amounts of metabolic glucose 
as the dog and rabbit. 

The calculated yield of 45 per cent glucose, as a maximum 
from bodj'- protein, based on the urinary G:N ratio 2.8:1 in 
phlorhizin and pancreas diabetes, is incon-ect. 

EXPERIMENTAL. 

The same experimental plan was employed as in a related in- 
vestigation to which reference may be made.’® Here it was shown 
that proteins, if proper precautions be observed in feeding, arc 
broken donm, absorbed, and the resulting nitrogen and glucose 

” Janney, loc. oil. 

Janney, loc. cit. 
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excreted complete^ within nine hours after ingestion. In the 
present experiments muscle proteins were fed as such or as fresh 
muscle containing corresponding amounts of protein per kilo- 
gram of dog’s weight.'® The nitrogen of meat fed even in large 
amounts to the dog is 100 per cent utilized.''’ No feces whatever 
were excreted during the exTperiments here reported. That ab- 
sorption and elimination of the metabolic products formed from 
the ingested material were entirely complete, can therefore scarcely 
be doubted. Reducing substances, presumably carbohydrates 
and glycogen were estimated in the meat fed, and the minimal 
amounts found deducted from the extra glucose. The corrected 
values appear in the protocols. Muscle extractives do not yield 
very appreciable amounts of glucose in the phlorhizinized 
animal.'® The present experiments corroborate this finding. 

The fresh finely divided muscle was carefully freed from visible 
connective tissue, passed through the meat grinder, and thor- 
oughly mixed. Nitrogen and glucose were determined as pre- 
viously described, glycogen was determined according to Pfluger. 
Reducmg substances were estimated by means of the following 
procedure, which was carried out with quantitative precautions. 
The muscle with a like quantity of water was coagulated by heat- 
ing and filtered. The proteins were completely removed from 
the filtrate according to Schenck, the mercury precipitated bj’ 
hydrogen sulphide, the excess of which was driven off by an air 
current. The reducing substances were determined in the final 
solution by the Pavy-Fehling method. Reliable results can be 
obtained in this manner. 

The total protein was determined according to a method de- 
scribed in the paper immediately preceding. By application of 
this method to larger quantities the dog muscle protein for feed- 
ing was prepared from the same meat, from fasting phlorhizinized 
dogs, which was used in the remaining experiments. The purity 
of the protein preparation (nitrogen = 16.3 per cent) was con- 
trolled 63’’ subjecting a sample of the original fresh muscle from 
which it was obtained to the anal3'tical procedure and determin- 

>' The protein feeding experiments were carried out bj' Mr. Csonka in 
the laboratory of Dr. James P. McKelvej*, Pittsburgh. 

Mendel and Fine, loc. cil. 

'* Csonka, loc. cil. 



212 Metabolic Relationship of Proteins to Glucose 


ing the nitrogen in the pure protein so obtained (see table). All 
calculations involving the muscle proteins are based on values 
obtained for anhydrous material. 


Analysis of Meat Used in Feeding Experiments, Grams per 100 Grams, 



Total 

solids. 

Nitrogen. 

Reducing 

substances. 

Glycogen. 

Total 

protein. 

Nittogtn 

1 perlOOgm. 
protein. 

Dog 

25.5 

3.20 

0.56 

0.03 

17.00 

16.1 

Rabbit (first four 







experiments) 

25.3 

3.51 

0.90 

0.01 

18.92 

16.4 

Rabbit (last three 







experiments) 

22.0 

3.26 

0.32 

0.33 

1 

16.56 

16.1 


Dog Muscle and Protein Feeding Experiments. 


(Periods 24 hours.) 


Muscle fed. 

Protein 

fed. 

Nitro- 
gen fed. 

Weight 
of dog. 

Nitro- 
gen . 

Glu- 

cose. 

G ;N. 

Extra 

Amount 

'III cose. 

In 

terms of 
protein 
fed. 

gm. 

gm. 

gm. 

kg. 

gm. 

grn. 


gm. 

ptr ctnl 




9.6 

6.88 

24.37 

3.54 




28.60 

4,60 


8.73 


3.52 

16.27 

56.29 





6.42 

22.22 

3.46 







5.79 

21.41 

3.70 







5.81 

19.44 

3.35 




27.38 

4.41 

9.1 

7.92 


3.46 

14.95 

54.64 





5.37 

19.49 

3.62 







16.29 

m 

3.71 




23.29 

3.75 

14.6 

16.87 


3.59 

12.33 

52.93 


22.72 

3.66 

14.1 

15.53 

57.24 

3,69 

13.22 

58.29 





11.98 

44.49 

3.71 







8.74 


3.54 



140.7 

23.92 

4.60 

9.2 


36.32 

3.36 

•14.04 

61.21 





8.31 

26.32 

3.17 



127.0 

21.59 

4.25 

8.5 

8.98 

27.22 

3.03 

11.76 

54.46 






18.42 

3.05 







11.52 





1S2.0 

30.94 

5.95 

11.9 

13.09 



17.47 

56.46 





10.44 

32.79 

3.14 
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Rabbit Muscle Feeding Experiments. 


(Periods 12 hours.) 


Muscle led. 

fed. 

Kltrt>- 
sen fed. 

VTcight 
ot dog. 

Kitro- 

gen. 

Glu- 

cose. 

1 


1 

gm. 

^m. 

gm. 

hg. 

gm. 

gm. 


gm. 

per cent 





8.41 


3.62 







8.48 

29.85 

3.52 



16 S .1 

31 .so 

5.90 

11.8 

11.80 


3.41 

18.23 

57.3 





7.27 

24.85 

3.42 



162.4 


5.70 

11.4 


KWfl 

3.41 

17.95 

58.4 





6.36 


3.40 



159.5 

30.18 

5.60 

11.2 

10.33 

36.21 

3.50 

19.35 

64.1 





5.97 

18.60 

3.12 







5.77 

18.27 

3.16 







6.86 

22.22 

3.24 

m 


123.9 

23.45 

4.35 

8.7 

9.14 

29.27 

3.20 







6.31 

19.80 

3.14 

■1 






6.13 

20.60 

3.37 

■ 






5.62 

17.24 

3.07 







Mans 

15.44 

3.06 



122.7 

20.31 

4.00 

mm 

7.13 

22.99 

3.22 

12.57 

61 .9 





4.39 

12.77 

2.91 








13.33 

3.17 







3.90 

10.87 

2.79 



111.9 

18.5 c 


7 5 


4? 

a 17 

11.32 

R1 1 





3.20 

9.22 

2.88 


105.9 

17.54 

3.45 

7.1 

5.5] 

18.18 

3.30 

11.18 

63.7 






■mI 

3.25 
























THE ROLE OF THE DIGESTIVE GLANDS IN THE EXCRE- 
TION OF ENDOGENOUS URIC ACID. 

By IAFAYETTE B. MENDEL and RAYjMOND L. STEHLE. 

{From the Sheffield Laboratory of Physiological Chemistry, Yale University 

New'Hacen.) 

(Received for publication, June 22, 1915.) 

A number of hjTJotbeses has been suggested to account for tbe origin 
of the uric acid of the- urine. Among them the theories of Burian and 
Schur* and of Mares= respectively claim more attention and consideration 
today than do any of the others. The theory of Burian and Schur vras 
promulgated in 1900, Sivdn* announcing a similar view almost simul- 
taneously. Mares’ hypothesis was suggested in 1887, but because of the 
attention claimed by Horbaezewski’s^ leucocytosis theory, advanced in 
1889 (according to which urinary uric acid was regarded as an expression 
of the extent of the disintegration of the white blood cells), the work of 
hlares did not become current until after this latter view had been aban- 
doned. A fresh impetus was given to Mares’ theorj- in 1910 when it was 
modified so as to be brought into accord with developments which had 
arisen since it was first formulated. 

According to Burian and Schur the uric acid of the urine arises from 
two sources: the food and the tissues. That arising from the former is 
designated the exogenous uric acid; from the latter the endogenous portion 
is derived. The endogenous uric acid is supposed to be constant in amount 
for each individual, the exogenous varying between wide limits, due to the 
presence of different quantities of uric acid precursors in the food. 

Materials free from uric acid precursors were presumed to have no 
effect whatever on the uric acid excretion; but regarding this point there is 
much difference of opinion. If they do exert an influence, then the endog- 
enous portion also may be a variable quantit 3 ', since it is then reasonable; 


' Burian, R., and Schur, H., Arch. /. d. ges. Physiol., 1900, Ixxx, 241. 
1901, l.xxxvii, 239. Burian, R., Zlschr. f. phijsiol. Chem., 1904-05, .xliii, 532. 

= Mares, F., Arch. slav. de bioL, iii, 207, through Centralbl. f. d. med. 
M’isscnsch., 1888, xx\'i, 2; Arch. /. d. ges. Physiol., 1910, cxxxiv, 59. 

’ SivC-n, V. O., Skandin. Arch. f. Physiol., 1901, xi, 123: 1906, riiii, 177- 
.4rch. /. d. ges. Physiol., 1912, cxiv, 283. 

* Horbaezewski, J., Monatsh. f. Chem., 1888-89, x, 624. 
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to believe that different foodstuffs or different quantities of the same food- 
stuff may result in the excretion of unequal amounts of uric acid. Most 
oi ihe investigations of a decade or two ago were offered in support of 
Burian and Schur’s "theory, but the experimental procedures of the period 
were scarcely suitable to solve the problem. 

Burian believed Mie muscles to be of primary importance as the source 
of the endogenous uric acid. Sivdn’s repetition of one phase of Buriau's 
work, however, failed entirely to confirm this view; and at present there 
are no really conclusive data showing an increased uric acid output after 
muscular exercise.® 

Mares’ present theory differs from the view just stated in that the 
endogenous uric acid is not thought to be a constant quantity, even for the 
same individual, except when the diet is uniform. According to Mares 
foodstuffs can exert an influence on the amount of uric acid excreted and 
this is due to their action in stimulating the digestive glands to activity. 

In 1905 Folin® submitted evidence opposing Burian and Schur’s theory. 
He found that on his starch and cream diet the uric acid output may sink 
to about one-half its value on a purine-free milk anti egg diet. 

Mendel and Brown,’ while studying the rate of uric acid elimination in 
man, noted slight increases in the uric acid output following the ingestion 
of purine-free meals. The results were not offered at the time as a con- 
firmation of Mares’ theory, but they may be so interpreted. 

Mares' work was extended in his laboratory in 1911 by Smetdnkn® ndio 
concluded that purine-free foods including carbohydrate may exert an 
influence on the uric acid output. 

Lambling and Dubois’ and Maurel” have recently published results 
which seem confirmatory of Mares’ theory. The increases in the uric acid 
excretion noted by them after the ingestion of milk and eggs respectively 
are so remarkable as to make a repetition of their experiments desirable. 

The augmenting effect of a high-protein, purine-free diet on the uric 
acid output observed by Taylor and Rose” is additional evidence in favor 
of Mares' theory. These authors suggest that the effect may also be due 
to the exaggerated nuclein metabolism provoked by the high protein 
intake. 


’■Raiziss, Dubin, and Ringer’s single experiment regarding this point 
need not be accepted as final until it is repeated and more unequivocal data 
arc presented than arc given in their paper. See footnote 24. 

® Folin, 0., Am. Jour. Physiol., 1905, xiii, 66. 

’ Mendel, L. B., and Brovui, E. W., Jour. Am. Med. Assn., 1907, xlix, 
896. 

* Smctdnka, F., Arch. f. d. gcs. Physiol., 1911, cxxxviii, 217. 

’ Lambling, E., and Dubois, F., Compl. rend. Soc. dc hiol., 1914, Ixxvi, 
614. 

’’Maurcl, E., Compt. rend. Soc. dc hiol., 1914, Lxxv'ii, 190. 

** Taylor, A. E., and Rose, W. C., Jour. Biol. Chem., 1914, xviii, 519. 
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Hypotheses differing from those of Burian and Schur and Mares have 
been suggested by recent investigators — Plimmer, Dick, ^ and Lieb,'* 
Weintraudj^ Graham and Boulton," and Berg." Plimmer, Dick, and Lieb, 
because they failed to find any quantitative relationship between the 
food purines and those of the urine, advanced the idea that the food con- 
tains toxic substances which call forth an increase in the number of leu- 
cocytes. The metabolism of these cells is regarded by them as the es- 
sential cause of the increased uric acid output. Weintraud inclines to the 
belief that all food must become part of the li^•ing body before it can ap- 
pear in the metabolic end-products. According to him, therefore, all 
uric acid is in this sense endogenous. Graham and Boulton have sug- 
gested that endogenous uric acid is -formed in part by synthesis from pro- 
tein and carbohydrate. Their data do not bear out the hypothesis and, 
indeed, are so conflicting as to make any interpretation difficult or im- 
possible. Berg supposes that the variations in the uric acid excretion re- 
sult directly from altering the reaction of the blood and thereby the 
products of metabolism also. 

EXPERIMENTAL PART.'® 

In the present investigation an effort has been made to deter- 
mine the source of the endogenous uric acid. The direction of the 
work had already been indicated by the results obtained in this 
laboratory by Mendel and Brown. They showed that a rise in 
the uric acid output may occur after the ingestion of food. When 
the food was purine-free the rise was small; it was, of course, large 
when the diet was not purine-free. These facts made it appear 
that Mare§’ view, according to which endogenous uric acid arises 
from glandular activity, might be substantiated. It does not 
follow that the theory needs to account for the total endogenous 
output; it may serve to explain at least a part of it. 

Plan of the Investigation. 

The general plan of the investigation was to study the hourly^ 
outputs of uric acid in man under definite conditions. To this 

» Blimmer, R. H. A., Dick, M., and Lieb. C. C.. Jour. Physiol., 1909-10, 
xxxix, 9S. 

"Weintraud, W., Verhandl. d. deulsch. Kong. f. Med., XXXth Con- 
gress, Wiesbaden, 1913. 

" Graham, G., and Boulton, E. B., Quart. Jour. Med., 1913-14, vii, 13. 

“ Berg, R., Miinchen. med. Wchnschr., 1914, Ixi, 1275. 

“ The data presented are taken from the dissertation of R. L. Stehle, 
presented for the degree of Bh.D., Yale University, 1915. 
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end observations were made of the effects of agents assumed to 
d,ct on the digestive functions, viz.: nutrients individually and 
in groups; varioits types of laxatives alone or with agar-agar; the 


HR. VQL.Tt.tf.UA 

8- 9 32 2^.4 

9- 10 Q2 23.3 

10- 11 165 27.0 

11- 12 103 21.7 

12- 1 18 13.5 

1- 2 IG 14.7 

2- 3 17 15.2 

3- 4 15 12.9 

4- 5 20 14.7 

5- € 14 10.0 

6- 7 13 11.8 

7- 8 13 15.8 

8- 9 17 14.1 

9- 10 49 17.G 

10- 11 29 IC.7 



r/1 STING 


M V0L.v,dUft 

7- 8 36 18.0 

8- 9 28 16.9 

9- 10 27 22.5 

10- 11 67 22.0 

11- 12 37 12.9 

12- 1 99 13.0 

1- 2 )? 8.4 

2- 3 26 10.1 

3- 4 86 8.9 

4- 5 15 34 

5- G 33 62 

6- 7 38 ZS 

7- 8 17 3.9 

8- 9 II 1.7 



Fo-sting 


drugs atropine, pilocarpine, and alcohol. In this way it was thought 
likely that a determination of the influence of glandular activity, 
as well as a differentiation between glandular and muscular activ- 
ity in relation to the digestive processes, would become possible. 
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The routine of the indmdual experiments was as follows; The 
hourlj’^ outputs of urine were collected from 7 a.m. to about 9 p.m. 
or later. After 6 p.m. or earlier on the day preceding the experi- 
mental day nothing was eaten. In the few instances in which 
anything was eaten at that hour the food was such as is ordinarily 
considered purine-free; eggs, bread, butter, milk; but in the great 
majority of experiments the subject fasted from noon on the day 
previous to that on which the actual observations were made. 
The details of each experimental day are given in the protocols. 
The acthdtj^ of the subject was approximately the same in each 
case and consisted of the usual laboratory routine. 

Uric acid was determined by the Folin-Shaffer method. Where 
the hourly samples were less than 50 cc. they were diluted to that 
volume; where they were considerabl 5 ' larger (more than 90 cc.) 
they were concentrated on a water bath after the addition of a 
small amount of acetic acid. The latter process was seldom 
necessary. 

Experiments 1 and 2, Faslingy ^ — The output of uric acid during 
fasting is shown in the accompanying charts. 

It will be observed that the values are highest during the fore- 
noon, sinking to a low level thereafter. An experiment similar to 


m VOL r^UR. 


7^ 

20 

12.9 

8-9 

33 

15.2 

9-10 

45 

129 

10-U 

27 

10.7 

11-12 

21 

10.1 

12- 1 

21 

124 

1-2 

71 

IG.0 

2-3 

70 

125 

3-4 

21 

14.6 

4-5 

19 

9 

S-B 

39 

19.1 

6-7 

16 

8.4 

7-8 

19 

11.8 

8-9 

13 

84 


30 

ZO 

10 

0 


Exp. 3. 



1 _^4 

7 8 9 1011 lEJ 234^6789 


12M. 2% sucrose 


” A number of the experiments reported were carried out at the Battle 
Creek Sanitarium through the courtesy of Dr. J. H. Kellogg. In the 
charts the abscissae represent hours and the ordinates mg. of uric acid. 
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these carried through twenty-four consecutive hours showed a 
maximum output during the late morning followed by a slow d^ 
crease until very early the following morning and then a rise to 
the maximum again. The form of the graph varies for different 
fasting indhdduals. 

Influence of Foodstuffs. 

Experiments S, 4, d, and 6, Carbohydrate Feeding . — The object 
of this series was to determine the effect of the ingestion of carbo- 


m 

VOL 

niftU./l. 

7-8 

23 

20.8 

8-9 

42 

22.5 

9-10 

120 

18.3 

10-11 

88 

19.0 

11-12 

172 

17.1 

12- 1 

66 

14.9 

1-2 

180 

13.8 

2-3 

44 

18.0 

3-4 

48 

20.8 

4-S 

148 

17.4 

5-6 

290 

10.7 

6-7 

174 

10.5 

7-8 

73 

8.2 

8-9 

176 

9.8 

m 

m- 


7-8 

22 

11.8 

8-9 

36 

16.3 

9-10 

SO 

19.2 

10-11 

42 

14.6 

11-12 

33 

3.9 

12-1 

1-2 

^o 

CD 

CO 

15.4 

15.4 

2-3 

42 

124 

3-4 

31 

14.1 

4-5 

37 

15.8 

5-6 

43 

16.3 

6-7 

43 

158 

7-8 

25 

9.0 

8-9 

17 

5.6 



IZM. 2l8g. sucrose 



12 M. 220g. sucrose 
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M ' 
7-8 


16,8 

8-9 

67 

20.7 

9-10 

39 

14.G 

10-11 

67 

17.6 

ll-iZ 

28 

12.3 

12- 1 

30 

3.9 

1-2 

37 

I4.G 

2-3 

33 

17.9 

3-4- 

23 

(1.3 

4-9 

31 

f£2 

S-6 

49 

17.9 

6-7 

94 

224 

7-8 

21 

11.8 

8-9 

16 

7.9 


30 

20 

10 


Exp 6.W 


f-n^ 




^7 8 $ 10)1 IZl Z 3 4-S 6 7 99 

IZM, ZZO^. sujcrose 


hydrate apart from protein and fat. Sucrose was fed. A mini- 
mum quantity of water only was allowed in order to prevent a 
subsequent diuresis which would necessitate a concentration of 
the urine samples. The effect is not clear cut. In Experiments 
3 and 4 the increase in uric acid is small, but in 5 and 6 it appears 
to be more pronounced when compared with the output of the 
same subject during fasting (see Experiment 2). 

Experiments 7 and 8, Fat Feeding . — ^The influence exerted bj' 
fat, taken alone, seems to be nil. This result is not wholly in ac- 


Jig. 

VOLb^IW 

7-8 

34 

17.9 

8-9 

61 

199 

9-10 

44 

19.0 

10-11 

73 

17.9 

il-lZ 

21 

14.1 

12- 1 

16 

11.8 

1-2 

24 

146 

2-3 

47 

19.8 

3-4 

76 

13.9 

4-9 

27 

II.3 

9-6 

16 

6.8 

6-7 

17 

5.6 

7-8 

21 

9.0 

8-9 

117 

33 



7 8 9 10 If 12 I Z 3 4 5 e 7 8 9 
IZMlO^.butte 


Ter 
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M Mi- 

7- 8 18 ie.3 

8- 9 25- 253 

9- 10 ZO 16.3 

10- 11 24 19.7 

11- 12 IS 10.7 

12- I 12 9.0 

1- 2 18 13.2 

2- 3 10 IZ7 

3- 4 IS 14.1 

4~ S 12 11.8 I2M. l04d.uu.salte«L butter 

S- 6 13 13.2 

G- 7 10 3.0 

7- 8 22 12.7 

8- 9 5 4.2 



cord with the findings of Herrmann'® and of Horbaczewski and 
Kanera'" who found a decreased uric acid output after fat inges- 
tion. Their conclusions were based on determinations of daily 
outputs. 

Experiment 9, Protein Feeding . — This series scarcely calls for 
detailed comment. The augmenting effect of the protein is un- 
mistakable. The calorific value of the ingested gluten is consid- 


HR. 

7-8 

m. 

I5| 


8- 9 

16 

I4.G 

9-10 

16 

15.8 

10-11 

IS 

7.9 

1-12 

7.9 

2- 1 

10 

11.3 

1-2 

340 

24.6 

2-3 

85 

15.1 

3-4 

29 

15.2 

4-S 

27 

18.0 

S-6 

38 

27.0 

G-7 

52 

33.2 

7-8 

106 

25.8 

8-9 

25.8 



I PM. I30g. platen 


Herrmann, A., Deitlsch. Arch. f. klin. Med., 18SS, xliii, 273. 
” Horbaczewski, J., and KanSra, F., ibid., 1886, vii, 10.5. 



L. B. Mendel and R. L. Stehle 


223 


erably lower than the values of the carbohydrate and fat in the 
preceding experiments. This is due to the fact that the taste of 
the gluten was very disagreeable so that 130 grams represented 
the maximmn amount which the subject could ingest. 


m 

VOL 

hidU./l. 

7-8 

20 

20.0 

8-9 


222 

9-10 

21 

23.4 

10-11 

15 

21.1 

11-12 

II 

17.6 

12-1 

12 

17.6 

i-2 

14 

20.5 

2-3 

30 

32.8 

3-4 

18 

26.9 

4-5 

22 

29.3 

5-6 

18 

25.^> 

6-7 

22 

27.0 

7-8 

21 

27.5 

8-9 

17 

24.0 

9-10 

13 

22.3 

10-11 

23 

24.0 

M 

VOUffigR/L 

7-8 21 IZ.4 


8-9 
3-10 
10-11 
ii-ie 
\l - 1 
\-l 
^3 

3- 4 

4- J 

5- 6 

6- 7 

7- 8 

8' 9 


44 

31 

11 

\Z 

15 
20 
Z5 

ze 

10 

18 

18 

16 
9 


20.3 
164 

14.0 

11.3 

12.4 
1S8 

19.7 
231 
I4.G 

14.1 

11.8 

11.8 
9.0 



I nM/75g-b>itter 6l4fd.tcaL 

I sucrose £O0 cbh.. cd.V 



Expmments 10 and 12, Fal and Carbohydrate Feeding.-Al- 
though no increase m the uric acid output was found when fat was 
^ken alone and only a very slight increase when carbohydrate 
was taken m this way, yet uigestion of the two together seems to 
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produce an unmistakable effect. The accompanying charts make 
this plain. 

Experiments IS and 14, Protein and Carhohtjdrate, Protein and 
Fat . — ^^¥hen protein is taken together with either fat or carbo- 
hj'drate the rise in the uric acid output is marked, as would be 
expected from Experiment 10 in which protein alone w'as employed. 
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Influence of Laxatives. 

The action of laxatives of several types on the excretion of uric 
acid was investigated in order to determine whether or not the 
digestive tract proper could, through their agency, be caused to 
augment the uric acid output. 

Experiment 15, Epsom SaU.— Epsom salt is supposed to accom- 
plish its purging effect without involving specific muscular or 
glandular actmties. This laxative produced no significant effect 
on the endogenous uric acid elimination. Near the close of the 
experiment the purine-free food indicated was eaten in order to 



determine its effect at so late an hour. An immediate increase in 
the uric acid output occurred. 

Experiments 16 and 17, Castor Oil . — ^The only action of castor 
oil in small amounts is to increase peristalsis. The large amounts 
employed in these experiments produce an effect similar to that 
of Epsom salt in addition to the stimulation of peristalsis. The 
uric acid excretion appears to be unaffected in Experiment 16. 
In Experiment 17, prerious to the ingestion of the laxative, agar- 
agar was taken to augment any effect on the uric acid excretion 
by increasing the work of the intestine. The graph indicates the 
absence of any increase. 
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This result is not in accord with several experiments of Abl/’ 
also carried out to determine the effect of castor oil on uric acid 
excretion. His conclusions were based on daily, not hourly, out- 
puts. The increases obtained by him were attributed to the ac- 



HR 


7-8 

35 

19.3 

8-9 


9.4 

9-10 

no 

14.2 

lO-li 

118 

19.3 

ll-IZ 

113; 

19.2 

\Z- 1 

80 

18.8 

1-2 

28 

17.6 

2-3 

43; 

14.1 

3-4 

13! 

8.8 

4-5 

13 

€.4 

5-6 

8 

7.6 

6- 7 

7- 8 

28 

1 

9.1 

9.1 

8-9 

8 

94 

tion of 

the 

oil in 


30 

zo 

10 



8 fl.M. ZSa 

|2t1. 27c.c. c Ait or oil 


using the intestine to secrete. Other laxa- 
tives — cascara sagrada, senna, croton oil, etc. — were also found l)y 
Abl to increase the uric acid output. 


Abl, II. , Arch. f. exper. Path. u. Pharmakol., 1913, 119. 
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Ex-perimeni 18, Phenolphihalein . — ^The mode of action of this 
drug has not been as satisfactorily explained as has that of the 
two preceding laxatives. According to Meyer and Gottlieb-^ the 
large intestine is the place of attack, the effect being increased 
peristalsis; but it is reported by Hydrick- that phenolphthalein 
acts on the intestine in general, producing both irritation and peri- 
stalsis. In this experiment, as in No. 18, agar-agar ingestion 
again preceded the taking of the laxative. As before the effect 
on uric acid excretion was nil. 
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Injluence oj Other Agents. 

Experiments 19, 20, and 21, Pilocarpine and Atropine . — ^These 
two drugs have opposite actions on the secretory apparatus of the 
alimentary tract, pilocarpine stimulating it to activity and atro- 
pine exerting an inhibiting action. If the uric acid output is influ- 
enced by the degree of glandular activity, the administration of 
these drugs should in the case of pilocarpine increase and in the 
case of atropine decrease the amount of uric acid excreted. Mares 
had already demonstrated the increasing effect of the former. 
The present pilocarpine experiment confirms his result. Two 

“Meyer, H.. and Gottlieb, R,, Die experimentelle Phannakoloeie 
Vienna, 1910. 

** Hydride, J. L., Jour. Biol. Chetn., 1914, xvii, p. xxxvi. 
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series were necessary to. determine the effect of atropine— one a 
control in which an increase in the uric acid excretion above the 
normal fasting values was induced by the foodstuffs indicated, 
and another in which the effect of atropine on this increase was 
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determined. Experiment 21, in which atropine was taken pre- 
viously to the food stated, indicates plainly the absence of the 
augmented output found in Experiment 20 when no ntreninc was 
taken. 
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Experiments 23 and 24, Alcohol . — ^In 1904 Beebe, “ in this labo- 
ratory, found that after the intake of alcohol with a meat-contain- 
ing diet the uric acid output was increased beyond what was ex- 
creted when no alcohol was taken. It appeared desirable, there- 
fore, to determine its action with purine-free food. In the first 
experiment the normal excretion under the influence of the food 


HR. 

VOL. 

•nic).U.A. 

7-8 

3G 

3i;i 

8-9 

9G 

24.6 

9-10 

49 

23.5 

10-11 

1 57 

13.4 

11-12 

46 

15.2 

12- l| 

38 

123 

1-2 

58 

129 

2-3 

I4G 

11.7 

3-4 

47 

12.9 

4-5 

280 

16.0 

5-6 

200 

17.6 

G-7 

98 

24.6 

7-8 

26 

17.6 

8-9 

27 

19.3 



n I Ui 

^789 10 )J 12 I 2345G789 

3 PM. le^^ sandwick 
3.30RM. •' 

4.PM. 


” Beebe, S. P., Am. Joitr. Physiol., 1904-05, xii, 13. 
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material indicated was determined, after which a similar series 
wth the addition of alcohol to the food was carried out. As% 
graphs show, there was no noticeable effect. 
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DISCUSSION. 

The data presented offer no obstacle to the assumption that a 
portion, at least, of the endogenous uric add may oiiginate from the 
activity of the alimentary secretory apparatus. This conclusion fol- 
lows from the increased output noticeable after various food 
stimuli and after the administration of pilocarpine wliich is known 
to stimulate the digestive glands. It is especially noticeable after 
the ingestion of protein, the most important of the succagogic fac- 
tors. Atropine, which inhibits secretory activity, was found to 
suppress the uric acid output normally noted to follow the inges- 
tion of the foodstuffs indicated. The passage of indigestible, 
bulky agar-agar through the digestive tract did not cause the ef- 
fect which would be expected if the mere mechanical work of the 
intestinal musculature were a factor in uric acid production. 

It might be objected that-the increase in the uric acid excretion 
noted in most of the experiments was due to a coexistent diuresis. 
Wliile it is true that the two phenomena do parallel each other to 
some extent, an inspection of the charts will show that in some 
cases the relation is an inverse one. Experiments 13 and 14 illus- 
trate this feature. 
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In the paper of Raiziss, Dubin, and Ringer-^ rather low endog- 
enous uric acid values are reported. They were obtained by 
emplojnng a low-protein vegetable diet. TlTien this was replaced 
by a starch and cream diet the values became still lower. Their 
data lead the authors to the conclusions that (1) real endogenous 
uric acid values can only be obtained on a strictly purine-free diet 
(such as starch and cream with no vegetables) ; (2) that the figures 
are much smaller than has hitherto been supposed; and (3) that 
different individuals excrete practically the same amounts of uric 
acid. The first of these conclusions must be interpreted in the 
light of the data above reported from which it appears that carbo- 
hydrates maj'" exert some influence on the excretion of uric acid. 
The mriters’ data in this respect are in accord with those of 
Smetdnka. It is apparent now that the uric acid output, aside 
from the portion arising from precursors in the food depends, to 
some extent at least, upon the degree to which the digestive glands 
are called into activity. The very low values obtained by Raiziss, 
Dubin, and Ringer may be due to the absence from the dietarj-- 
of protein which has been shown to exert the greatest influence 
of any of the food principles upon mic acid e.xcretion. The output 
of uric acid on a vegetable diet is also smaller than most of the 
endogenous values heretofore reported and may likewise be at- 
tributed to its low protein content. As regards the constanc}” in 
ammmt for individuals studied, this is only true with exceptions. 
To say that the variations are not extreme would express the facts 
better. It must be remembered that, as a rule, the make-up of the 
dietaries is also not subject to extreme variations. 

The results of some of the experiments are not as clear cut as 
could be" desired and some may even seem difiBcult of interpreta- 
tion; but it is believed that the evidence as a whole lends some 
support to the hypothesis of Mare§. 

» Raiziss, G. W., Dubin, H., and Ringer, A. I., Jour. Biol. Cftem.,1914, 
six, 473. ’ 




A MICRO-REFRACTOMETRIC METHOD OF DETERMIH- 
HTG THE PERCENTAGES OF GLOBULIN AND 
ALBUMIN IN VERY SMALL QUANTITIES 
OF BLOOD SERUM. 

Bt T. BEAILSFORD ROBERTSON. 

(From the Rudolph Spreckels Physiological Lahoralory of the University of 
California, Berkeley.) 

(Received for publication, June 29, 1915.) 

The principle of the method is essentially similar, on a reduced 
scale and with consequent necessary modifications of technique, 
to that of the refractometric method of serum analysis pre- 
viously employed by the author and collaborators.' It differs 
from the refractometric method of serum protein determination 
employed by Reiss^ in that four different quantities are deter- 
mined; namely, the albumins, globulins, total proteins, and non- 
proteins, while Reiss’ method yields only an approximate esti- 
mate of the total proteins. A little over 1.5 cc. of serum is ample 
for the determination of these four quantities, while if necessaiy 
as little as 0.5 cc. of serum may be employed. 

The method consists of three separate estimations which are 
performed as follows. 

a. The Estimation of the Refractivity of the Non-Protein 

Constituents. 

Glass tubes 25 cm. long, having an inside diameter of 5 mm. 
and walls about 1 mm. thick, are sealed at one end. It is well to 
blow gently into the tube while the sealed end is still soft, thus 

'Robertson, T. B., Jour. Biol. Chem., 1912, xi, 179; 1912-13, xiii, 325. 
Woolsey, J. H., ibid., 1913, xiv, 433. Wells, C. E., ibid., 1913, xv, 37. 
Buck, L. W., Jour. Pharmacol. andExper. Therap., 1913-14, v, 553. Thomp- 
son, W. B., Jour. Biol. Chem., 1914, xx, 1. Briggs, R. S., ibid., 1914, x.x,7. 

* Reiss, E., Beilr. z. chem. Phys. u. Path., 1904, iv, 150; Arch. f. exper. 
Path. u. Pharmakol., 1904, li, 18; Jahrb. f. Kinderh., 1909, Ixx, 174. 
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making the contour of the bottom of the tube hemispherical and 
diminishing the tendency to crack on cooling. Into one of these 
tubes, which has been carefully cleaned and dried, is now intro- 
duced exactly 1 cc. of serum, with the aid of an ordinary bacterio- 
logical pipette which delivers 1 cc. and reads to 0.01 cc. It is 
convenient to draw out the tip of the pipette so as to enable a 
somewhat greater length to be introduced into the tube while 
delivering the serum, thus avoiding wettiirg the upper part of the 
tube and the formation of air bubbles, which prevent the serum 
from flowing to the bottom of the tube. The pipette is now 
washed out with distilled water followed by acetic acid solu- 
tion, which may be made up with sufficient accuracy by diluting 
4 cc. of glacial acetic acid to 1750 cc. With the same pipette 
exactly 1 cc. of acetic acid solution is delivered into the tube, 
as before avoiding wetting the upper part of the tube. A short 
piece of platinum or silver wire about 1.5 mm. in diameter is now 
dropped into the tube and the upper end is sealed off in a flame, 
taking care not to heat the contents. After it has cooled the 
tube is shaken. The piece of wire which is thus shaken up and 
dowm in the tube brings about in a short time complete admixture 
of the serum and the acetic acid solution. The tube is now 
placed in a beaker of cold water of such a depth as to immerse 
the top of the contained column of liquid a few millimeters below 
the water. It is well to rest the bottom of the tube upon a wad 
of cotton to avoid cracldng by bumping during the subsequent 
boiling. The water is now slowly heated to boiling and allowed to 
boil energetically for from one to two minutes. The tube is then 
removed from the boiling water and allowed to cool to room 
temperature.® 

® The exact length of time during which the tube is immersed in boiling 
water is immaterial provided it exceeds one minute and does not exceed 
five minutes. The concentration of acetic acid employed (an equal volume 
of brings about complete coagulation on boiling without appreciable 
formation of soluble acid-albuminates, bower concentrations (such as an 
equal volume of acetic acid) do not bring about complete coagulation 
during the periods of boiling mentioned above, and hence yield values for 
the “non-proteins” which arc too high. Concentrations greater than p 
(i.e., addition of an equal volume of-ry) bring about gelatinization on boil- 
ing instead of coagulation and the values for the “non-proteins” arc too 
high owing to the formation of soluble acid-albuminates. 
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When cool the tube is broken open a little above the surface of 
its contents and the coagulum is broken up. This is best accom- 
plished with the aid of a platinum wire about 0.6-0.7 mm. in 
diameter and provided with several slight bends; this is inserted 
into the tube and the upper end twirled rapidly between the 
thumb and forefinger. The fluid and the coagulum are now sepa- 
rated by centrifugalization, the fluid is withdrawn by the aid of a 
dry, clean pipette, and the refractive indices of the fluid and of 
acetic acid solution are determined simultaneously. The differ- 
ence between these two refractive indices, multiplied b 3 " 2, repre- 
sents the refractivity of the non-protein constituents of the 
serum. By determining the refractive indices of the fluid and of 

acetic acid simultaneously the necessity for regulation of the 
temperature at which the readings are made is obviated, for 
although the absolute values of the refractive indices are affected 
by temperature, the difference between them is independent of 
the temperature at which it is determined. 

The values for the refractivity of the non-protein constituents 
of blood serum, as determined by this method, are invariably 
higher than the average value of 0.00157 assumed by me in my 
older method. They approximate very closely to the average 
value of 0.00224 obtained by Reiss, who emploj'ed a similar 
method of determination. That these higher values are not 
attributable to partial hydrolysis of the proteins with the pro- 
duction of soluble substances is shown by the fact that increasing 
the period of boiling, or doubling the concentration of acid does 
not lead to any increase in the values obtained. It appears prob- 
able that there are substances in serum which are precipitated 
together with the proteins by alcohol but are not coagulable by 
heat. These would be reckoned as “albumins” in the older 
method and as “non-proteins” in the new. 

The refractive index of a 1 per cent solution of NaCl is 0.00160 
greater than that of distilled water. The refractivities of 1 per 
cent solutions of other inorganic salts and of glucose and urea 
are of very similar magnitude. To within a sufficient degree of 
accuracj’’, therefore, the percentage of non-protein substances in 
the serum may be estimated by dividing their refractivity bj' the 
factor 0.00160. 

For the determination of the refractive index I employ a Pul- 
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frich refractometer which reads the angle of total reflection to 
within one minute. A sodium flame is used as the source of light. 
When it is desired to make a number of successive determinations 
the cup of the refractometer should be carefully dried with ab- 
sorbent cotton and lens paper before a new sample of fluid is 
introduced. 

h. The Estimation of the Refractivity of the Albumins. 

Glass tubes 9-10 cm. long are prepared, having an inside 
diameter of 5 mm. and one end closed. Tubes which have been 
employed in the estimation of the non-protein constituents, after 
having been cleaned and dried, may be cut down to the proper 
length and utilized for this purpose. Short pieces of glass tubing 
sealed at one end are employed as stoppers, the sealed end being 
pressed against the open end of the longer tubes and held in posi- 
tion by short pieces of rubber tubing. Into one of these tubes is 
introduced^ with the aid of a pipette similar to that described 
above, 0.5 cc. of a saturated solution of ammonium sulphate 
(prepared by dissolving an excess of ammonium sulphate in hot 
water and allowing the excess to crystallize out on cooling). 
With another pipette which has been found, by weighing, to deliver 
the same amounts as the first, we now introduce 0.5 cc. of serum, 
drop in a piece of platinum wire, affix the stopper, and shake 
thoroughly with as little delay as possible. It is necessary to 
introduce the ammonium sulphate solution first, as otherwise, 
being of greater specific gravity than the serum, it sinks through 
the serum, portions of which are thus exposed for some time to am- 
monium sulphate of higher concentration than \ saturated. 
This leads to a precipitation of albumins which do not readily 
redissolve and the results obtained are erroneous and irregular. 
If the ammonium sulphate is introduced first the serum floats on 
the top of it and energetic shaking brings about almost immediate 
admixture of the serum and the reagent. It is well, while shaking, 
to hold the thumb against the bottom of the tube, thus diminish- 
ing the danger of cracking the tube by the impacts of the hcav)’ 
piece of wire. 

The tube, with the stopper still affixed, is now centrifuged. 
The precipitate soon settles and sufficient supernatant fluid may 
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be drawn off to fill the lower end of a bacteriological pipette and 
at least 0.25 cc. over. This quantity of the supernatant fluid is 
delivered into another clean, drj-- tube of the type employed in the 
precipitation, the pipette is washed out with distilled water, and 
then employed to deliver 0.25 cc. of distilled water into the tube. 
A piece of platinum wire is dropped in, the stopper affixed, and 
the contents are shaken. We now determine the refractive in- 
dex of this fiuid^ and that of i saturated ammonium sulphate 
solution.® The difference between these refractive indices repre- 
sents one-fourth of the -combined refractivities of the albumins 
and of the non-protein constituents. Multiplying by 4, there- 
fore, and subtracting the refr activity of the non-protein constitu- 
ents, we have the refractivity of the albumins. Dividing this by 
0.00177 we obtain the percentage of albumin in the serum. 

c. The Estimation of the Refractivity of the Globulins. 

We determine the refractive index of the serum and that of dis- 
tilled water. Subtracting from the difference the known refrac- 
tivity of the non-proteins and the known refractivity of the albu- 
mins we obtain the refractivity of the globulins. Dividing this by 
0.00229 we obtain the percentage of globulins in the serum. 
Adding together the percentages of albumins and globulins we 
obtain the percentage of total proteins. 

The following are illustrative determinations, emplojing ox 
serum obtained by whipping and centrifuging freshly drawn 
blood: 

Refractive index of the fluid obtained after acidifying with acetic 


acid and boiling {three determinations) 1.3302-f 

Refractive index of 2-^ acetic acid 1.32902 

Difference X 2 00244 


< The fluid may be emptied into the cup of the refractometerby removing 
the stopper, inverting the tube, and gently wanning the sealed end, free 
from fluid, by means of a lighted match. 

‘ This may be prepared, and kept as a stock solution, by mixin g equal 
volumes of .saturated ammonium sulphate solution and distilled water and 
adding to this mixture an equal volume of distilled water. 
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Estimated couoentration of non-protein substances = ; — = 1.5 percent' 

160 


Refractive index of the fluid obtained after precipitation of the 


globulins and subsequent dilution : 

1st determination 1.351S9 

2nd “ 1.35172 

3rd “ 1.35181 

4th “ 1.35189 

Refractive index of J saturated ammonium sulphate 1.34932 

Differences X 4 

1st determination 0.01028 

2nd “ 0.00960 

3rd “ 0.00996 

4th “ 0.01028 


Refractivity of the albumins 

1st determination 0.01028 — 0.00244= 0.00784 

2nd “ 0.00960-0.00244=0.00710 

3rd “ 0.00996-0.00244=0.00752 

4th “ 0.01028-0.00244=0.00784 


Average 

Concentration of albumins 


1st 

determination 

= = 4.4 per cent 

177 

2nd 

« 

= ^ = 4.1 

(( 

3rd 

<( 

177 

= ^A2=4.3 

t( 

4th 

« 

177 

= ^ = 4.4 

(C 


177 



Average =4.3 

Refractive index of the serum 

Refractive index of distilled water 


0.00759 


1.34686 

1.32887 


Difference 0.01799 

Refractivity of the proteins =0.01799—0.00244 =0.01555 
Refractivity of the globulins =0.01555— 0.00769 = 0.00796 

796 

Concentration of globulins = — - = 3.5 per cent 
Concentration of total proteins =3. 5+4. 3 = 7. 8 


® Direct analyses by Abderhalden {Zlschr. f. physiol. Chem., 1897, x-xui, 
521) yield the average result of 1.4 per cent of non-protein substances m 
ox blood serum. 
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Two determinations by the older rcfractometric method, employing the 
above determined value of the refractivity of the non-proteins, jielded 
identical results', namely, 

Albumins 

Cilobulins 3.5 “ 

Total proteins "-3 “ 

Since the percentage of total proteins is dependent upon the dilu- 
tion of the blood and is therefore highly variable, while the rela- 
tive proportions of globulin and albumin are much more constant" 
it is convenient to express these in percentages of the total pro- 
teins. Thus in the above result, taking the total proteins as 100, 
we find that the globulins formed 45 per cent and the albumins 
55 per cent of the total proteins. The average of four determina- 
tions reported by Hammarsten,® who employed the direct method 
of estimation in large quantities of serum, yields the result: 
globulins 42 per cent and albumins 58 per cent of the total 
proteins. “ 

The manipulations involved in the determination are simple 
and when proficiency has been attained can be carried out with 
considerable rapidity. Six or eight determinations may be made 
simultaneously and with practice this number of determinations 
may be made in less than three hours, a considerable part of 
which time is consumed by centrifugalizations. As regards ac- 
curacy, the most probable error is that of one minute in reading 
the angle of total reflection. This will lead to an error of =*= 0.2 
per '•ent in the estimation of the percentage of albumins, ± 0.15 
per cent in the estimation of the percentage of globulins, and 
* 0.1 per cent in the estimation of the percentage of non- 
proteins. 

’ Kobertson, T. B., Jour. Biol. Chem., 1912-13, xiii, 325. 

* Hammarsten, 0., Arch. f. d. ges. Physiol., 1878, vi'ii, 413. 

’Robertson, T. B., Jour. Biol. Chem., 1912-13, xiii, 325. 
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In a recent paper= we have discussed the comparative nutritive 
value of certain proteins in growth and the question of the pro- 
tein minimum. Attention was directed chiefly to the growth of 
albino rats on foods containing different proportions of the same 
protein, or the same proportion of different proteins. In the 
present paper we give the results of a preliminary' study under- 
taken in order t-o leam whether differences in the relative effici- 
ency of these several proteins in promoting growth would be 
apparent when they were supplied in quantities sufficient for 
maintenance alone. 

In our previous paper we furnished data shoeing that when 
the percentage of protein in the food was reduced, a proportion 
was finally reached where growth either entirely ceased, or a 
decline in body weight occurred. This method of determining the 
proper proportion of protein in a diet designed for maintenance 
or for grondih has long been used by investigators of animal 
nutrition to discover the most economical proportion of protein 
in the practical feeding of domestic animals. Experiments of 
this kind have been planned to furnish a sufficient supply' of 
calories in the non-protein part of the ration and reduce the pro- 
portion of protein by adding food substances low in protein, or 
by diminishing the proportion of those rich in protein. All of 

‘ The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

= Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1915, xx, ail. 
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this has involved changes in so many factors with every alter- 
ation in the food mixture that the results have value only in re- 
spect to the particular mixture used for the animal in question, 
and are, therefore, to a very large extent empirical. Further- 
more, possible differences in the relative efficiency of different 
proteins were formerly never considered in making such experi- 
ments; and the possibility of effecting economies in the use of the 
many available foodstuffs by so combining them that any nutri- 
tive deficiencies of the proteins of one food might be supplemented 
by proper combinations with another has heretofore generally 
escaped notice. Our previous papers have shown the favorable 
results obtained by feeding certain proportions and combinations 
of proteins to growing rats. We now have the results of similar 
experiments in relation to the maintenance of these animals of 
different sex, age, and size. 

The ideal condition for the prosecution of such an investigation 
would consist in feeding a single protein as a part of a ration so 
liberal in all of the other essential food substances, both organic 
and inorganic, as to avert the need of more than a minimum of 
protein for the energy requirement on the .one hand; and so 
restricted in respect to the contqnt of protein on the other hand as 
to make the supply inadequate for any tissue construction or stor- 
age, yet sufficient to prevent loss of body weight. If these con- 
ditions could be fulfilled, an animal ought to remain in nutritive 
equilibrium, neither gaining nor losing weight from day to day. 
The protein minimum could thus be ascertained for each protein 
in individuals of any age, size, or sex in terms of some suitable 
unit of comparison, such as body weight or body surface. 

Numerous difficulties preventing the ideal execution of the 
plan are at once suggested. Metabolism and, accordingly, the 
nutritive requirements are affected by a number of factors involv- 
ing size, the effect of muscular activity, the influence of ingested 
foods, and the relative proportions of the different nutrients. 
Even temperament and other features incident to good health 
may need to be taken into account. 

The recent discussions of a proper unit of comparison^ indicate 
the insuperable obstacles to the establishment of a satisfactory 


^ Compare Benedict, F. G., Jour. Biol. Chem., 1915, xx, 263. 
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unit of measurement which shall serve as a reliable index of basal 
metabolism. We have therefore been compelled to adopt the 
unit of body weight as the only convenient standard for our ani- 
mals, with the full recognition that although body weight plays an 
important part, there is no absolutely fixed relation between it 
and the total heat production. We also recognize that body 
composition, f.e., the relative proportion of inert storage sub- 
stance and active protoplasmic tissue, may vary greatly under a 
variet}’’ of circumstances where the body weight is the same. For 
the present we find no better plan than to use the weight as an 
index of the mass of metabolizing tissue. 

The energy requirement of an animal must be satisfied, what- 
ever the composition and intake of the food may be. In many 
cases the appetites of the subjects are evidently an excellent 
guide to their physiological needs. Sometimes, however, the 
quantities of food eaten appear to be out of all proportion to the 
actual energy or protein requirement. We have already discussed 
the range of variation in the food intake of growing rats on com- 
parable diets and pointed out some features connected with it.'* 

In the present initial studies on the protein minima for the 
maintenance of rats, rations of a suitable sort have varied es- 
sentially only in respect to their percentage content of the nitro- 
genous foodstuffs. Our purpose was to leam first what the in- 
stinct of the rat would lead the animal to eat when supplied ad 
libitu7n with foods containing different proportions of various 
proteins. All of these foods, when sufficiently rich in the pro- 
teins in question, had been demonstrated to be adequate, not only 
for prolonged maintenance, but, with the exception of that con- 
taining gliadin, also for complete normal growth.^ We have kept 
rats to old age on several of these mixtures and in the case of the 
edestin food have already raised.four successive generations with- 
out offering any other ration. 

The energy requirement of animals living imder the conditions 
which ^ we have maintained may perhaps be approached in a 
statistical way by recording the actual food consumption of a 
large number of rats on diets containing an abundance of added 

* Osborne and Mendel, Jour. Biol. Chem., 1915, xx, 364. 

* For a catalogue of the results see Osborne and Mendel, Jour. Biol 
Chem., 1915, xx, 361. 
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protein (18 per cent) in food mixtures of the general composition 
indicated on page 245. Data thus obtained are summarized in 


Table A. 


TABLE A. 

Food Intake of Rats Maintained on 18 Per Cent Protein Foods. 


Males. 


Average bodj’ weight. 

Average 

1 food 
, intake 

1 per week. 

Food 
intake 
per week | 
per pm. 
of rnt. 

Protein 
intake* 
per week 
pergm. 
of rat. 

Bange of food 
intakes 
per week. 

Number 
of obsewa- 
tiocs. 

ffm. 

I gm. 

mg. 

mg. 

gm. 


350-390 

90 

245 

41.0 

89-90 


300-350 

87 

268 

43.9 

81-97 


250-300 

75 

' 279 

44.5 

58-97 


200-250 

64 

286 

44,8 

48-89 


175-200 

61 

321 

50.9 

48-78 


150-175 

55 

323 

50.9 

40-75 

■■ 

125-150 

47 

325 

51.2 

38-55 


100-125 

38 

329 

51.5 

31-50 

Bm 

75-100 

38 

413 

64.8 

31-53 

Bfl 

50- 75 

29 

451 

70.0 

23-37 

Bfl 

30- 50 

25 

571 

85.5 

18-31 

BB 

Females. 

200-240 

66 

316 

50.4 

58-77 

22 

175-200 

61 

321 

51.4 

50-77 

10 

150-175 

55 

332 

52.8 

47-65 1 

56 

125-150 

48 

343 

54.6 

35-60 

39 

100-125 

42 

360 

57.4 

34-52 

24 

75-100 

38 1 

397 

61,9 

32-48 

10 

50- 75 

30 

471 

72.5 

25-41 

21 

30- 50 

25 

550 

83.0 

18-31 

9 


* No account is taken in this table of the small quantity of nitrogenous 
compounds in the "protein-free milk” present in these rations. 


The results show the intake of animals in maintenance, in trials 

in which the variations in body weight did not exceed 5 to 10 grams 

during periods of not less than three weeks. Of course, these 
furnish no evidence as to the minimal protein need of the animals- 
They are rather intended to show the amounts of total food, 't.e., 
calories, ingested under such circumstances by rats eating da 
















T. B. Osborne and L. B, Mendel 


245 


libiiuvt rations comparativelj' rich in protein. It will be noted 
that the food consumption per gram of rat decreased, as might 
be expected, with increase in weight of the animals. The state- 
ment of the number of rats for which the data have been collected 
in each case gives some indication of the degree to which the 
indi\ddual figures are representative averages. The records here 
collected may be of value to other investigators in this field, aside 
from their bearing on the protein problem. 

Our subsequent procedure has consisted in feeding ad lihilum 
mixtures of the sort indicated below, containing less protein, but 
with sucrose and starch used to replace it. As an illustration of 
a tj'pical food mixture the following is cited; 

Per cent 


Protein 9 

Starch 30 

Lard 7 

Butter fat 18 

Sucrose 8 

“Protein-free milk” 28 


Such foods, in which carbohydrate and protein may be inter- 
changed without undue alterations in the energy value of the 
mixtures, furnish about five calories per gram of substance. 
Obviousl}’’ a nutritive decline on a modification of this diet may be 
due to the failure of the animals lo eat enough food to meet their 
energi' requirement, quite as well as to xnst#ciency of protein, 
when this is reduced in amount. Varying degrees of muscular 
activity will call for unlike quantities of food to meet the energy 
requirement. We have not yet been able to make special allow- 
ance for this %’-ariable; but in view of the fact that our rats are 
confined in small cages where vigorous exercise is practically 
impossible, probably in the majority of cases the activity of the 
animals has not differed greatly. We have had to be content 
to counterbalance any inequalities due to unlike demands of 
muscular activity by observations on sufficiently large numbers 
of animals to offset the individual extremes. 

VTien the composition of a liberal food mixture which suffices 
for maintenance is altered bx'’ reducing the protein content; note- 
worth3' changes in bodj* weight and in food consumption usually 
do not ensue until the protein has been decidedlj’’ decreased. For 
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example, rations with 18 per cent, 15 per cent, or 12 per cent of 
protein may produce little alteration in the level at which body 
weight is maintained. Only when the proportion of protein 
becomes lower does the fall in weight manifest itself. This is 
frequently attended by a decline in food intake. When the pro- 
portion of protein in the diet is reduced to comparatively low 
limits there not infrequently appears to be a tendency on the 
part of the animals to eat much more liberally of the food 
poor in protein and thus make up the percentage deficiency of 
the ration by increased intake. Accordingly it will sometimes 
happen that a rat which has been maintained on a diet contain- 
ing, let us say, 9 per cent of a definite protein will be equally main- 
tained on a comparable ration containing 6 or 7 per cent of the 
same mixture, by eating somewhat more liberally thereof. There 
seems to be little difference in the outcome according to whether 
the proportion of protein is reduced suddenly or gradually, so 
long as it does not fall below the maintenance quota. 

From the standpoint of the method thus far developed, with 
its inevitable limitations in respect to the energy factor, success- 
ful maintenance alone is significant, and then only where there is 
a reasonable abundance of non-protein food. It has not infre- 
quently happened that the rats would fail to eat a portion suffi- 
cient for their energy needs. Obvious cases of calorie underfeed- 
ing have been excluded from the results recorded in this paper. A 
study of hundreds of figures obtained in the way outlined has 
enabled us to select a limited number of experiments for purposes 
of comparison. They represent selected positive data. The 
range of variation in the individual trials is not inconsiderable, 
and does not take into account extremes of size with accelerated 
or decreased tendency to grow, or other possible incidental causes 
of unlike food requirement. By successively altering the protein 
content of the food we have attempted to find levels of absolute 
protein intake (abundance of total calories presumably being 
ingested in each case) at wdiich there will result: (1) exact main- 
tenance of body weight; (2) slight decline; or (3) slight gain 
(w'here adult size had not yet been reached). In this way it seems 
possible to approximate in a statistical way the limits which de- 
termine the condition of maintenance in so far as the protem is 
concerned. In jmung animals it is not sufficient to decrease the 
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prot€m intake to a point where grow'th just ceases; for there 
appears to he a considerable range below this at which growth 
fails, yet maintenance is still possible. 

■Without a demonstration of the level at which some decline 
ensues, observations on the maintenance minima are not complete. 
The lower limit— the minimum— can therefore be determined only 
by reaching a plane of protein intake which is just insufficient. A 
very slight increase or decrease in the intake of protein at this 
point should promptly restore maintenance or induce decline. 

In Tables A, B, C, D, F, and H the per cent of protein is given in 
terms of the air drj" preparation. The protein intakes are calcu- 
lated from the nitrogen content of the food by means of the ap- 
propriate factor for each protein. In Table E the percentage of 
protein and also the protein intake were calculated from the 
nitrogen of the food. 

The figures reported in the tabular summaries B, C, D, E, F are 
selected from experimental periods which meet these conditions. 
Periods of decline were succeeded by those of recovery’ and vice 
versa. Before finally considering a decline in body weight as due 
to the protein deficiencies of the diet we have tested the animal 
with a ration more liberal in the same protein to make certain 
that it could be maintained on a suitable dietary and was not 
merely declining because of unsuspected disease. Thus it some- 
times occms that a rat will continually lose weight on a diet sup- 
posedly liberal in all respects. Such animals are not infrequently 
found to be suffering from pulmonary’ infections, hair balls in the 
stomach, tumors, etc., the discovery of which explains the un- 
expected results. All data unsatisfactory in this respect have been 
excluded from the selected figures presented in this paper. The 
chart in the appendix will illustrate, in the case of a few animals, 
the type of trials from which the statistics were collected. 

The tabular summaries, B, C. D, E, F, on pages 248 to 251, in- 
dicate quite unmistakably, we believe, that rats fed upon rations 
comparable in their make-up in every way except with respect 
to the content of protein can be maintained in body weight with a 
smaller intake of lactalbumin than of any other protein here 
reported. A r&ume of the range of protein minima for main- 
tenance found in the individual experiments is given in Table G. 



248 


Protein Minima for Maintenance 


TABLE B. 

Prolein Minimum for Maintenance. 
Lactalhumin Food. 

Males. 


1 

Bat. 

Body 

weight. 

Lactat- 
humin 
content 
of diet. 

Food 

per week 
per gm. 
of rat. 

Lactalbu- 

per week 
per gm. 
of rat. 

Gain(+) 
or losa (— ) 
ot body 
weight 
during 
period. 

observa- 

tion . 


gm. 

per cent 

mg. 1 

mg. 

gm. 

days 

2111 

317 

7 

217 


+2 

14 

1823 

297 

5 

303 

mm 

-3 

98 

2123 

284 

7 

232 

13.4 

= t 0 

21 

2338 

278 

5 

296 

12.2 

+5 

70 

1868 

272 

4 

335 

11.1 

-1 

42 

2032 

270 

5 

254 

10.5 

+3 

49 

2345 

254 

3.5 

319 

9.2 

-2 

70 

2212 

253 

5 

305 

12.6 

= t 0 

35 

2209 

228 

6 

288 

14.2 

-3 

14 

2356 

227 

4 

280 

10.4 

-2 

35 

2360 

214 

5 

252 

10.4 

-1 

42 

2541 

202 

7 

241 

14.5 

-3 

50 

2348 

183 

4 

366 

12.1 

+ 1 

28 

2542 

160 

4 

292 

9.6 

*0 

70 

2586 

129 

4 

324 

10.7 

+12 

28 

2203 

120 

2.5 

352 


-1 

49 

2201 

95 

2.5 

361 

mm 

+3 

35 

2185 

78 

2 

435 

mm 

+8 

1 154 

2202 

76 

2 

408 

6.7 

+8 

! 56 

2292 

72 

2 

481 

7.9 

*0 

175 

2180 

66 

2 

557 

9.2 

±0 

63 

2293 

60 

2.5 

483 

9.9 

-1 

28 


Females. 


2112 

202 

4 

287 

9.5 

1 

-3 

28 

1957 

189 

4 

329 

10.8 

-5 

35 

1923 

188 

5 

372 

15.4 

-2 

28 

2210 

176 

4 

255 

8.4 

-1 

35 

1765 

167 

4.5 

365 

13.5 

-1 

21 

2321 

159 

4 

331 

10.9 

-4 

21 

2112 

88 

2 

417 

6.9 

-1 

42 

2104 ., 

87 

2 

445 

7.4 

-3 

35 



1 

! 
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TABLE C. 

Protein Minimum for Maintenance. 
Casein Food 
Males. 


Hat 

Bodj 

•weight 

Casein 
content 
of diet 

Food 
intake 
per week 
per gm 
of rat 

Casein 
intake , 
per week i 
per gm 
of rat 

Gain 

orloes C— ) 
of bodj 
weight 
during 
period 

Period of 
obsena- 
tion 


gm 

per cent 

171^ 

mg 

gm. 

deyj 

2336 

352 

7 

321 

20 2 

+7 

42 

1875 

314 

7 

337 

21 2 

+1 

28 

1934 

283 

6 

282 

15 2 

=!=0 

28 

2130 

276 

7 

276 

17 4 

-3 

28 

2327 

272 

5 

310 

13 9 


21 

2051 

264 

6 

264 

14 3 

-1 

35 

2196 

263 

7 

295 

18 6 

=!=0 

56 

2026 

247 

7 

284 

17 9 

+4 

56 

1931 

239 

9 

291 

23 6 

*0 

35 

1914 

238 

7 

304 

19 2 

+2 

28 

2523 

238 

7 

307 

19 3 

-3 

21 

2322 

233 

9 

328 

26 6 

-3 

56 

2244 

203 

7 

344 

21 7 

—5 

28 

2017 

196 

7 

288 

18 1 

-4 

28 

2334 

186 

5 

404 

18 1 


56 

2576 

185 

9 

351 

28 4 


28 

2245 

160 

7 

353 

22 2 


28 

2549 

141 

5 

338 

15 2 

=i=0 

28 

2617 

89 

4 5 

368 

14 9 

4-2 

35 


Females 


1958 

206 

6 

347 

18 7 

1792 

205 

6 

341 

18 4 

1935 

187 

5 

312 

14 0 

1767 

186 

5 

321 

14 4 

1924 

166 

7 

338 

21 3 

1992 

160 

7 

318 

20 0 

2418 

152 

9 

306 

24 8 

2116 

98 

4 5 

360 

14 5 

2339 

94 

5 

400 

18 0 

2437 

60 

5 

425 

19 1 

2118 

51 

4 5 

552 

22 4 


4-3 

56 

4-1 

14 

-3 

28 

-2 

21 

4-6 

21 

-4 

21 

-4 

49 

-3 

35 

-1 

42 

—2 

14 

-4 

14 
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TABLE D. 

Prolein Minimum for Mainlcyiance. 
Edestin Food. 

Males. 


Rat. 

Body 

Ti\-eieLt. 

j 

Edestin 1 
content 
of diet. 

Food 1 
intake 
per week 
per gm. 
of rat. 

! 

Edestin 
intake 
per neok 
per gm. 
of rat. 

Gain (+) 
or loss (— ) 
of body 
weight 
during 
period. 

Period ol 
obseria- 
tion. 


gm. 

per cent 

tng» 

mg. 

gm. 

days 

2329 

366 

6 

271 

15.1 

-1 

42 

1864 

341 

9 

264 

22.1 

+2 

14 

2315 

336 

7 

250 

16.3 

-4 

21 

1675 

294 

5 

252 

11.7 

±0 

49 

1930 

286 

7 

293 

19.1 

+9 

21 

2302 

282 

6 

288 

16.0 

-3 

21 

2316 

276 

5 

321 

14.9 

+2 

35 

2376 

247 

7 

365 

23.8 

+4 

56 

2404 

244 

6 

310 

17.3 

+1 

35 

1976 

244 

9 

247 

20.7 

=*=0 

2S 

1931 

237 

7 

297 

19.3 

—2 

35 

1817, 

214 

7 

317 

20.6 

-3 

14 

2410 

111 

6 

373 

1 

21.0 

-3 

21 


Females. 


2003 

225 

6 

265 

14.8 

-3 

21 

2113 

218 

5 

325 

15.1 

+6 

42 

2298 

215 

6 

310 

17.3 


2S 

2299 

215 

6 

349 

19.5 

+7 

28 

1767 

204 

7 

1 

334 

1 

21.8 


21 

2029 

196 

6 

328 

18.3 

+3 

21 

1774 

162 

4.5 

395 

16.6 

+2 

63 

2221 

162 

7 

323 

21.0 

-1 

14 

1 

2548 

124 

5 

363 

16.9 


42 

2113 

118 

4.5 

393 

16.5 


63 

2553 

98 

7 

336 

21.9 

+2 

35 

2114 

93 

4 5 

395 

16.5 

+3 

28 
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TABLE E. 

Protein Minimum for Maintenance. 
Milk Proteins. 


Males. 


Rat. 

Body 

weight. 

Milk 
protein 
content 
of diet. 

Food 
intake 
per week 
per gm . 
of rat. 

Milk 
protein 
intake 
per week 
pergm. 
of rat. 

Gain (-f J 
orIos9 ( — ) 
of body 
weight 
during 
period. 

Period of 
observa* 
tion. 


gtn. 

per cent 

ma . 

rr.g. 

gm. 

days 

2464 

329 

7.4 

259 

19.2 


42 

1877 

316 

4.9 

302 

14.9 

-2 

35 

1884 

253 

7.4 

299 

22.1 




229 

4.9 

302 

14.9 


28 

2120 

214 

4.9 

306 

15.1 

-4 

21 

2411 

185 



13 . 4 ' 

-1 

28 


Females. 




4.9 

351 

17.3 

+1 

42 

2422 


4.9 

378 

18.7 

*0 

35 

2414 

■■ 

6.2 

342 

21.1 

±0 

63 


T.\BLE F. 

Protein Minimum for Maintenance. 
Gliadin Food. 


Males. 


Hat. 

Body 

weight. 

Gliadin 
content 
of diet. 

Food 
intake 
per week 
per gm. 
of rat. 

Gliadin 
intake 
; per week 
per gm. 
of rat. 

Gain f+) 
orlosa (— ) 
of body 
weight 
during 
period. 

Period of 
observa- 
tion. 


gm. 

per cent 

mg. 

rnc. 

msm 

days 

1882 

293 

12 

266 

27.0 


35 

2275 

285 

12 

241 

24.4 

WSm 

21 

1860 

267 

12 

268 

27.2 


42 

1878 

266 

9 

308 

23.4 

■1 

35 


Females. 


1937 

187 

10.5 

304 

27.0 


179 

6.0 

375 

19.0 

2435 

92 

7.0 

369 

21.8 



42 


105 


21 
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TABLE G. 


Range of Protein Minima for Maintenance in Individual Eicpcrmcnts. 


Protein added to 
the ration. 

Size of rats. 

Food intake per week 
per gm. of rat. 

Protein intake pcfrwI: 
pergm.of rat, 


1 i/wi. 

mg . 

mg . 

Lactalbiimin. 

Males. 

60-100 

361-557 

6 . 7 - 9.9 


100-200 

292-366 

7 . 3 - 12.1 


200-250 

241-288 

10 . 4 - 14.5 


250-300 

232-335 

9 . 2 - 13.4 


300 

217 

12.6 


Females. 

80-100 

417-445 

6 . 9 - 7.4 


100-200 

255-372 

8 . 4 - 15.4 

Casein. 

Males. 

80-100 

368 

14.9 


100-200 

288-404 

15 . 2 - 28.4 


200-250 

284-344 

17 . 9 - 2 G.G 


250-300 

264-310 

13 . 9 - 18.6 


300-350 

321-337 

20 . 2 - 21.2 


Females 

50-100 

360-552 

14 . 5 - 22.4 


100-200 

306-338 

14 . 0 - 24 .S 


200-250 

341-347 

18 . 4 - 18.7 

Edestin. 

Males. 

100-200 

373 

21.0 


200-250 

247-365 

17 . 3 - 23.8 


250-300 

252-321 

11 . 7 - 19.1 


300-400 

250-271 

15 . 1 - 22.1 

1 

Females. 

90-100 

336-395 

16 . 5 - 21.9 


100-200 

323-395 

16 . 5 - 21.0 


200-250 

265-349 

14 . 8 - 21.8 

Milk proteins. 

Males. 

100-200 

340 

13.4 


200-300 

283-302 

14 . 9 - 22.1 


300-350 

259-302 

14 . 9 - 19.2 


Females. 

100-200 

342-378 

17 . 3 - 21.1 

Gliadin. 

1 

Males. 

250-300 

241-308 

23 . 4 - 27.2 


Females. 

00-200 

304-375 

1 

10 . 0 - 27.0 
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Ranges of 7 to 15 milligrams of lactalbumin per gram of rat per 
week represent minima lower than those found for casein, edestin, 
milk proteins, or gliadin, not to mention the impossibility of 
maintenance with zein. With the pronounced indi^ddual varia- 
tions in the total food intake exhibited in our experience it is 
almost impossible to make precise comparisons of rats of the same 
size on precisely the same intake of protein. It is an obvious 
shortcoming of this method of procedure that the energj" intake is 
not controlled, so that when it is large there may be a relatively 
greater protein-sparing effect where the non-protein nutrients are 
ingested in undue amounts. The selected figures recorded in our 
summaries scarcely give any justification for the assumption that 
greatly increased energy intake will explain the lower values at 
which maintenance was secured with the lactalbumin food. It 
will be noted further that whereas maintenance could be secured 
very frequently with a lactalbumin content of less than 5 per 
cent in the diet, this was rarely the case with the other proteins. 
With all the foods, however, verj' small rats, naturally eating larger 
quantities of food per unit of body weight, often attained main- 
tenance (without growth) on low'er protein intakes than sufficed 
for rats of larger size, e.g., above 125 grams. 

We have pointed out in our earlier communications that the 
“protein-free milk” which forms a part of the rations described is 
not entirely free from milk protein. It contains not more than 
0.7 per cent of nitrogen, of which only a part at most is in the fonn 
of protein. Assuming that all of this nitrogen is equivalent in 
value to protein — a premise for which there is no experimental 
evidence — 100 grams of the food mixtures used by us would con- 
tain 1.2 grams of such protein, besides the protein intentionally 
supplied. The hypothetical addition of protein would amount to 
3.6 milligrams in a food intake of 300 milligrams per week per gram 
of rat. The increment would apply to all of the diets in essenti- 
ally like amounts. Even if it were assumed that the rats on 
lactalbumin food eat twrice as much of their ration, the increased 
intake of hj^pothetical protein in this e.xtreme case would hardly 
suffice to equalize the protein minima of the lact albumin-fed rats 
with those on the other proteins, when animals of comparable 
sizes are contrasted. The superiority of the lactalbumin in these 
trials, therefore, cannot be charged solely to protein derived from 
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the so called “protein-free milk.”® Speaking broadly, we have 
not been able to accomplish with a protein intake of 12 to 15 milli- 
grams per gram of rat in the case of either edestin or casein, the 
degree of maintenance which is usually attained by feeding 
lactalbumin. For edestin and casein a correspondingly efficient 
intake seems to be about 20 milligrams in the form of our particu- 
lar mixtures. It is too early to make thoroughly satisfactorj’ 


® Referring to older papers by us, McCollum and Davis (Jour. B\ol 
Chein., 1915, xx, 647) have contended that we have assumed too high a 
figure lor the plane of intake of protein which will serve to maintain young 
rats in body weight. What we did (Osborne and Mendel, Zischr.f. physiol. 
Chcm., 1912, l.xxx, 341) was to compare the growth of rats on food mix- 
tures containing different percentages of protein. When the lower 
limit of 7 to 9 per cent was reached, maintenance ensued but growth 
ceased. We failed to realize the importance of ealculating and comparing 
the actual protein consumption of the animals in the earlier experiments 
in addition to contrasting the resultsof varying the percentageoi protein in 
the food mixture. The food intakes and other data are actually reported 
in our charts so that they are available for comparison. In some of the 
cases it appears likely that the failure to grow better, and therefore the 
semblance of maintenance without growth, was due to insufficient total 
food intake, i.e., calories. Even more significant is the fact that these 
early' experiments were conducted with food mixtures on which it was 
subsequently' shown that all rats sooner or later decline unless some adju- 
vant such as butter fat, egg fat, or cod liver oil is furnished (Osborne and 
Mendel, Jour. Biol. Chem., 1913, xv, 311; 1913-14, xvi, 423; 1914, xvii, 401; 
1915, XX, 379). We have therefore never included the results from the 
earlier trials with manifestly incomplete food mixtures in comparisons with 
our later experiments; and all attempts to do so seem to us unfair in the 
light of the literature of the subject. When McCollum and Davis attempt 
to defend the thesis that the lowest plane of protein for maintenance is, 


let us say', 3 per cent of the food mixture (in the case of a distinct ration pre- 
pared by' them) one may' question whether they are justified in making 
wide-spread comparisons on this basis. There is no guarantee what- 
ever that rats will eat the same total quantity of unlike food mixtures 
which contain the same content of protein. The actual intake must be 
measured. Not until we can finally say' that animals require a stated w'eight 
of protein per unit of body' weight to secure maintenance in the presence o 
an abundance of energy-yielding food shall we be in a position to make 
absolutely conclusive comparisons. Incidentally it may be pointed out 
that we have recently* published figures on the maintenance of ratswiiu 
diets containing low percentages of protein quite in harmony with the loa 
percentage figures of McCollum and Davis on a different type of ration 
(Osborne and Mendel, Jour. Biol. Chem., 1915, xx, 351). 



T. B. Osborne and L. B. Mendel 


255 


comparisons with the other proteins except to note that, com- 
parativelj”, more gliadin is required. That this is not due to 
defective utilization in the alimentarj* tract in the case of any of 
these proteins has been demonstrated by us directly by aiJalj'ses 
of the feces in those instances where a relatively high protein in- 
take was found inadequate for perfect maintenance. The mixed 
proteins of cow’s milk, as represented in our "milk food,’’^ contain- 
ing casein together with some lactalbumin, approach casein and 
edestin in value for maintenance, possibly being somewhat more 
efficient as exemplified by a very slightly lower maintenance 
minimum figme. The higher figures for gliadin are in accord with 
its known exceptional character in respect to the yield of the 
various amino-acids characteristic of proteins. Gliadin jields 
a small amount only of lysine,® and 22 per eent of its nitrogen as 
glutaminic acid and 25 per cent as ammonia. What value the 
latter has in nutrition we do not yet know, but it is difficult to 
believe that it can be utilized for the sjmthesis of new protein 
in any degree comparable with that of the amino-acids. The 
apparent need in maintenance of greater quantities of gliadin 
than of most other proteins may be to a certain extent due to this 
relatively large proportion of nitrogen which it jields as ammonia. 

The experiments described in this paper show how rats will 
actually respond to the particular diets offered, but they fail to 
give as accordant results as are necessary to reveal differences 
between the different proteins e.xcept in rare cases. This is chiefly 
due to the wide variations in the amount of food eaten, not only 
by different rats, but by the same individual at different times. 


• This consisted of milk powder, starch, and lard, the milk powder 
being in part replaced by starch, butter fat, and "protein-free milk” when 
it was desired to alter the content of protein, e.g.i 

.15 p€r 6 per 

cent cent 

protein, protein. 


Milk powder. 

Starch 

Lard 

Butter fat 

"Protein-free milk” 


trr,. c’r.. 

60 25 

12 33 

28 11 

14 
17 


IVJ iUU 

Osborne, T.B.,\ an Slyke,D. D., Leavenworth, C. S., and Vinograd, 
M., Jour. Biol. Chem., 1915, xxii, 259. 
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We are now engaged in a system of limited feeding which 
promises to solve the problem. In these trials a limited weighed 
amount of food was supplied daily and was eaten completely. 
The quantity furnished was that on which the rats were at the time 
growing normally when the food contained an abundant pro- 
portion of protein. We were thus assured that the animals re- 
ceived a sufficient supply of calories. Comparison was made 
between the different proteins by reducing the percentage until 
growth ceased, or a gradual decline in body weight occurred. 
The food and protein intakes were so adjusted as to be the same 
for the body weight of each animal in comparable experiments. 
The results of a few preliminary experiments are given in 
Table H. These data confirm those already obtained with the 
same proteins fed ad lihitmn. 


TABLE H. 


But. 

Duration ot expcri* 
mcnt. 

Initial body weight. 

. 

'S 

•o 

o 

Si 

*3 

.S 

Change in body 
weight 4" or 

Food intake.* 

Protein intake. 

Protein content 
of food. 

Absolute total. 

Per gm. of rat 
per week. 

Absolute total. 

Per gm. of rat 
per week. 


days 

gm. 

gm. 


gm. 

vig. 

gm. 

mg. 


2645 o’ 

42 

169 

■Bil 


310.8 


12.8 


59clact albumin. 

2646 o’ 

42 

169 

170 

+ 1 

310 .8 

294-304 

12.8 

12.1-12.5 

5% 

26450’ 

42 


IS 

— 5 

wm 

307-312 

BE 


4% 

26466’ 

42 

■Bm 

ii 

Boi 


306-322 

wm 


4% 

27336’ 

42 

153 

134 

-19 

277.2 


12.0 


5% casein. 

2732 9 

42 

121 

■OH 

-18 

218.4 


9.8 


5% “ 

2729 9 

42 

127 

126 

- 1 

258.9 

338-344 



5% “ 


* The composition of the foods was as follows: 


“Protein-free milk”. 


Lard. 


Lactalbumin. 

Casein. 

per cent 

per cent 

per cent 

. 4 

5 

5 

. 28 

28 

28 

. 18 

18 

18 

. 8 

7 

7 

. 32 

32 

35 

. 10 

10 

7 


It will be noted that the total calories, ash, “protein-free milk” factors, 
etc., are nearly alike in their relation to the body weight. 
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The different proteins are, with a few exceptions, not so widely 
divergent in their general amino-acid make-up as to lead us to 
expect vnde differences of protein minimum requirement, aside 
from a few striking examples. In the case of growth with its 
greater need of protein units, the divergencies of the proteins maj' 
manifest themselves more conspicuously than in mere, mainte- 
nance. The apparently greater efficiency of lactalbumin, in con- 
trast with the other proteins recorded above, is in harmony with 
the observations of the apparent economy of this protein as a 
supplement to deficient rations.® 


’ Osborne and Mendel, Jour, Biol. Chem., 1914, xvii, 325; 1914, xviii, 1. 
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SOME PRODUCTS OF HYDROLYSIS OF GLIADIN, LACT- 
ALBUMIN, AND THE PROTEIN OF THE 
RICE KERNEL.i 

Br THOMAS B. OSBORNE, DONALD D. VAN SLYKE, CHARLES S. 

LEAVENWORTH, anb MARIAM VINOGRAD. 

{From the Connecticut Agricultural Experiment Station, New Haven, and 

the Hospital of the Rockefeller Institute for Medical Research, 

New York.) 

(Received for publication, July 12, 1915,) 

To settle questions concerning the quantity of some amino- 
acids jdelded by several proteins which form important con- 
stituents of human food we have cooperated in the following 
analyses in order to eliminate, as far as possible, uncertainties 
due to inexperience in the use of methods, and also those due to 
working with samples of different origin. We have also paid 
especial attention to the determination of lysine, in order to gain 
further information in respect to the differences frequently en- 
countered between the results of the direct isolation of this amino- 
acid as picrate and its indirect estimation by the Van Slyke 
method.’ 

The Amount of Lysine in Gliadin. 

The discoverj' of a small quantity of lysine among the products 
of hydrolysis of gliadin has some important bearings. In the 
fii'st place it raises the question of the individuality of gliadin, 
for the amount of lysine isolated was so small that it seemed 
likely that it was derived from some contaminating protein. A 
rigid fractionation of 500 grams of this preparation of gliadin 
jieldcd extreme fractions from which similar small quantities 
of lysine were obtained, thus giring no evidence of the presence 
of any other protein.’ 

' .\ portion of the expenses of this investigation was also shared by the 
Carnegie Institution of Washington, D. C. 

• Compare Van Slyke, D. D., Jour. Biol. Chem., 1913-14, xvi, 531. 

’ Osborne, T. B., and Leavenworth, C. S., Jour. Biol. Chem., 1913, siv, 
4S1. . ) . 
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That gliadin is in fact a definite substance and not a mixture 
of two or more proteins has recently been asserted by Gr6h and 
Friedb who have compared several of the physical properties of 
successive fractions of carefully purified gliadin, and conclude 
that there is only one alcohol-soluble protein in -wheat gluten. 

In the second place the results of an analysis by Van Slyke,* 
made by his indirect method, indicated a much larger quantity 
of lysine than that isolated as picrate, and consequently raised 
the question of the limits of accuracy'- of the determinations of 
lysine, made by this method, as well as those by Kossel’s method. 
The great importance of gliadin as a constituent of human food, 
as well as its extensive use in nutrition experiments, from the 
results of which conclusions frequently have been drawn on tlie 
assumption that it yields no lysine, makes it important to know, 
as accurately as possible, its true content of the lysine complex, 
as well as of its other constituents. We have therefore made 
four new analyses by the Van Slyke method, the closely agreeing 
results of which, corrected for the solubility of the bases, can 
now be compared with those obtained by other methods. 


Gliaditi. Van Slyke Method. 



For cent of total nitrogen. 
Uncorrected. 

Corrected for solubility of 
the bases. 

o'E . 

t- 55 

U ^ 

R 

t ^ 

^ C 53 

I* 

U* 

lU** 

IV 

I 

11 

III 

IV 

Ammonia N. . 

24.27 

24.68 

24.67 

24.83 





24.61 

Humin N 

0.83 

0.51 


mm 





0.58 

Cystine N.. . . 

0.28 

0.30 

111 


0.70 

0.72 




Arginine N. . . 

5.11 

4.96 

4.65 

4.79 

5.62 

5.47 

5.29 

5.43 


Histidine N. . 

2.84 

2.93 

2.43 

2.57 

3.44 

3.59 

3.19 

3.33 


Lysine N 

1.14 

1.28 

1.2d 


1.22 

1.36 

1.36 



Amino N of 









51.95 

filtrate 



52.70 




51.65 

52.25 

Non-amino N 










of filtrate. . 









10.70 
— 

Total 



98.66 

98.53 





9S.S1 


* Total nitrogen = 0.624 gm. 
** Total nitrogen = O.SOl gm. 


■* Gr6h, J., and Friedl, G., Biochem. Ztschr., 1914, l.wi, 154. 
' Van Slyke, Jour. Biol. Chcm., 1911-12, x, 15. 
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Determinations of the basic amino-acids in this same preparation of 
gUadin, and also in two samples obtained from it by fractional precipitation 
from alcohol, gave the following results:* 

GUadin. Former Results hy Kassel’s Method. 


Grams from 100 gm. of gliadin. 



Argmitic. 

Htstidicc. 

1 L>-3inc. 

This sample 1 1 

2.67 

1.63 

0.16 

11 1 

2.78 

1.49 


Fraction A I I 

2.48 

1.43 

0.15 

II 

2.43 

1.44 


Fraction B I 

2.92 

1.49 

0.07 

11 

2.90 

1.48 

1 



An earlier determination of arginine in the gliadin hydrolyzed by Os- 
borne and Clapp’ gave 3.16 per cent. Kossel and Kutscher* found in three 
different fractions of the alcohol-soluble protein of wheat 3.05, 2.75, and 
3.13 per cent of arginine and 1.20 and 1.53 per cent of histidine. 

These deteminations agree as closely as can be expected when 
the difficulties involved in the execution of Kossel’s complicated 
method are taken into consideration. The following figures 
faciUtate a comparison of the average of the above results with 
those obtained by the Van Slyke method. 

Grams aoiDo-acid from lOOgm.of 
gliadin by the methods o!: 
KoescL Van Slyke.* 

Formet analyses. Present anal> sea. 


Arginine 2.70 2.97 

Histidine 1,49 2.19 

Lysine 0.13 1.21 


* Calculated for 17.5 per cent of nitrogen in the gliadin. 

That the figures for arginine and histidine by the Van Slyke 
method are somewhat higher is to be expected, for slight losses in 
cariying out the Kossel method are almost inevitable. We can 
consider, therefore, that the proportions of these two amino- 
acids are now fixed within reasonably satisfactory limits. The 

* Osborne and Leavenworth, loc. cil. 

•.Osborne, T. B., and Clapp, S. H., Am. Jour. Physiol., 1906-07, xvii, 
231, 

* Hosscl, A.,andKutscher,F.,Zfse?ir./, physiol. C;ietn.,1900-01,xx3d,l65. 
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difference among the several results for lysine is relatively great, 
and we have therefore subjected it to further investigation. 

Since the amount of lysine picrate previously obtained from this 
sample of gliadin was lower than the amount corresponding to 
either ’\''an Slyke’s lysine nitrogen or the free amino nitrogen (see 
latter paid; of this paper), new determinations were made of the 
basic nitrogen precipitated by phosphotungstic acid according to 
the modified Hausmann method, and also of lysine by Kossel’s 
method. The new direct determination of lysine was made as 
nearly as possible under the conditions of Hausmann’s method 
for determining basic nitrogen, with the modification that losses 
which might occur on decomposing the phosphotungstate pre- 
cipitate were avoided by using the amyl alcohol-ether method.® 

100 gm. of the air dry gliadin, equal to 95.28 gm. ash- and nioistiire-free, 
were boiled with 1000 cc. of 20 per cent hydrochloric acid for twenf j'-four 
hours, the solution was concentrated under diminished pressure until most 
of the hydrochloric acid was removed, and boiled with an excess of mag- 
nesium oxide until free from ammonia. The solution was then filtered and 
concentrated to 1 liter. Two portions of 10 cc. each were diluted to 100 cc. 
and the nitrogen precipitable by phosphotungstic acid was determined by 
the modified Hausmann method. We thus found in each portion 0.0096 gm. 
of basic nitrogen, equal to 1 per cent of the gliadin, or exactly the same 
amount as in the determinations previously made with 1 gm. portions. 

The remainder of the solution was diluted to 10 liters, 300 cc. of con- 
centrated sulphuric acid, and then 3000 cc. of a 20 per cent phosphotungstic 
acid solution, containing 5 per cent of sulphuric acid, were added. After 
standing over night the precipitate was filtered out and washed with a 
5 per cent solution of phosphotungstic acid. The precipitate was then 
suspended in about 500 cc. of water, to which about 10 cc. of 30 per cent 
sulphuric acid w'ere added, and shaken out with a liberal quantity of a 
mixture of equal parts of amyl alcohol and ether. A clear solution of 
phosphotungstic acid in the organic solvent formed at once, the decomposi- 
tion being effected w'ith great ease. The aqueous solution was drawn olT 
and the amyl alcohol-ether layer was washed three times with distilled 
water. The aqueous solution was then shaken three times more with 
fresh amj’l alcohol-ether mixture, and the latter was each time washed with 
water to avoid loss. 

The solution of the bases was brought to a volume of 1 liter, and nitro- 
gen W'as determined in two portions of 10 cc. each, 0.86 and 0.86 mg. being 
found. This is equal to 0.88 gm., calculated back to the whole of the 
original solution which had previously been found to contain 0.96 gm. of 


’ Van Slyke, Joiir. Biol. Chem., 1915, xxii, 281. 
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nitrogen precipitable with phosphotungstic acid. The loss by decomposi- 
tion of the precipitate was 0.08 gm., or 8.3 per cent of the basic nitrogen. 
How this loss occurred is not clear. 

Arginine and histidine were removed from this solution by baryta and 
silver nitrate, as in the Kossel method, and the lysine by preeipitating with 
phosphotungstic acid. The lysine phosphotungstnte was decomposed by 
the amyl alcohol-ether process as just described. After removing the 
sulphuric acid with an excess of baryta and the latter by carbonic acid, 
the solution of the lysine carbonate was made up to 1000 cc. and nitrogen 
determined in two portions of 2o cc. each, 2.6 and 2.4 mg. being found, equal 
to 0.1000 gm. of nitrogen, or 0.5210 gm. of lysine, in the whole solution. 
Correcting this for the solubility of lysine phosphotungstate in the 15 
liters from which it was precipitated gives 0.7085 gm. of lysine, equal to 
0.76 per cent of the gliadin. After evaporating to a syrup and diluting with 
a little alcohol, an alcoholic solution containing just enough picric acid to 
convert this quantity of lysine into thepicrate was added. A characteristic 
yellow precipitate formed at once, which was filtered off the next das", and 
when dried weighed 0.9746 gm., equal to 0.3794 gm. of lysine. 

Since lysine phosphotungstate is soluble to the extent of 12.5 mg. of 
lysine per liter, and the volume of the solutions from which this had been 
precipitated was 15 liters, we must add 0.1875 gm. to the lysine found, mak- 
ing the total 0.5669 gm., equal to 0.64 per cent of the ash- and moisture-free 
gliadin. The purity of the substance weighed was shown by recrystalliz- 
ing from water whereby 0.8390 gm. of pure, crystallized lysine picrate was 
recovered. Adding to this 0.0756 gm. for the solubility of lysine picrate in 
the 14 cc. of filtrate gives a total of 0.9146 gm. equal to 94 per cent of the 
substance weighed. The nitrogen in the solution from which theO.9746 gm. 
of lysine picrate had been obtained was equivalent to 0.5210 gm. of lysine, 
equal to 0.1416 gm. more lysine than was isolated as picrate. The filtrate 
from the 0.9746 gm. of substance was evaporated to dryness, during which 
process a veiy small quantity of yellow substance, similar in appearance 
to lysine picrate, separated. The residue was extracted with alcohol, and 
the insoluble matter filtered out, washed with alcohol, and dissolved in wa- 
ter. The solution when evaporated to dryness left a residue which weighed 
only 6 mg. The alcoholic solution was also evaporated, and left a residue 
weighing 0.34o0 gm. Since 0.7764 gm. of picric acid had been addgd, of 
which 0.5952 gm. separated with the lysine picrate, 0.1812 gm. of picric 
acid was therefore left in this filtrate. Deducting this from the weight of 
the residue left on evaporating the filtrate we have 0.1638 gm. of substance. 
The solution from which the lysine had been precipitated contained 0.1000 
gm. of nitrogen, and theprecipitatedIysineO.0728 gm., leavingO.0272 gm. of 
nitrogen, equal to 16.4 per cent of the residue, providing there was no loss 
on decomposing the second phosphotungstate precipitate. If all of this 
residue was lysine it would be equal to only 0.17 per Cent of the gliadin 
which shows that the loss of lysine in precipitating as picrate was, at the 
most, small. 
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The amount of lysine which we have thus found, 0.64 per cent, 
ismuch more than the 0.16 per cent obtained in the earlier analyses, 
but considerably less than the 1.21 per cent calculated from the 
partition of nitrogen in the Van Slyke analysis. 

Since the conditions of precipitation of the phosphotungstates 
in the Hausmann method are quite different from those in the 
Van Slyke, we repeated the determination of lysine in gliadin, 
under the conditions of the latter method, in order to determine 
whether or not the differences here encountered may thus be 
explained. 

100 gm. of the same sample of gliadin, equal to 93.38 gm. ash- and mois- 
ture-free, were hydrolyzed as before. After removing the ammonia 400 cc. 
of concentrated hydrochloric acid were added and the solution was made 
up to 4 liters. After heating to 95°, a boiling solution of 320 gm. of phos- 
photungstic acid, dissolved in 1350 cc. of water was added, and the solution 
allowed to stand for fort 3 '-eight hours, during which time the phosphotung- 
states crystallized out. The precipitate was sucked out and washed with 
an ice cold 2.5 per cent solution of phosphotungstic acid in 0.8 normal 
hydrochloric acid. The precipitate was decomposed by the amyl alcohol- 
ether method. The sulphuric acid used in the decomposition was removed 
with baryta, and the arginine and histidine were removed with silver ni- 
trate and baryta from a volume of 400 cc. Barium and silver were removed 
by sulphuric acid and hydrogen sulphide, and the solutions made up to 
1000 cc. after adding 30 cc. of concentrated sulphuric acid. 

The lysine was then precipitated from the solution heated to 95° by 
adding a boiling solution of 40 gm. of phosphotungstic acid dissolved in 
200 cc. of 5 per cent, by volume, sulphuric acid. The lysine phosphotung- 
state was decomposed with baryta in the usual way and, when freed from 
baryta w'ith carbonic acid, the solution was made up to 1000 cc. and nitro- 
gen determined in two portions of 25 cc., 0.0038 gm. being found in each, 
equal to 0.1520 gm. nitrogen or 0.7920 gm. lysine in the entire solution. 
After concentrating the remaining 950 cc. of solution to a thin syrup, alco- 
hol was added until a turbidity formed and then an alcoholic solution con- 
taining 1.18 gm. of picric acid. After standing over night the lysine picratc 
was filtered out, washed with alcohol, and dried at 100°. It weighed 1.23 
gm., equal to 0.4788 gm. lysine. Since the first phosphotungstic acid 
precipitate was thrown down from 5350 cc. and the second from 1200 cc., 
this figure, when corrected for the solubility of lysine phosphotungstate, 
namely 0.0125 gm. lysine per liter, is equivalent to 0.5607 gm. of lysine in 
the original solution, or 0.63 per cent of the gliadin. 

This agrees exactly with the result obtained by precipitating 
the phosphotungstates under the conditions of Hausmann s 
modified method, namely 0.64 per cent. It also shows that no 
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greater loss occurred on decomposing the lysine phosphotungstate 
with baryta than with amyl alcohol and ether. 

The filtrate from the b'sine picrate was evaporated and the 
residue extracted with alcohol to remove exce'ss of picric acid. 
The substance insoluble in alcohol was dissolved in water and 
everj' effort made to isolate lysine picrate from it, but none could 
be obtained. We have thus shown that gliadin contains at least 
0.64 per cent of Ij'^sine and have reduced the difference between 
the amount found by direct determination as picrate by the Kossel 
method and that indirectly to 0.57 per cent. Since the results 
obtained by the Kossel method are unquestionablj' somewhat too 
low and those by the Van Slyke method may be somewhat too 
high this difference between the two methods is probably no 
greater than we should expect. The amount of lysine actually 
yielded by this protein is probably not far from the average of 
these two results, namely, 0.92 per cent of the gliadin. 

The Amide Nitrogen of Gliadin. 

The closely agreeing figures for nitrogen as ammonia in the 
Van Slyke analyses are of interest inasmuch as they confirm the 
already large number of determinations pre%dously made on this, 
as well as many other preparations. In a paper’® published some 
time ago attention was directed to the fact that proteins which 
yield much nitrogen as ammonia also jdeld much glutaminic 
acid, and it was suggested that this nitrogen might be in amide 
union with one of the carboxyl groups of the glutaminic and aspar- 
tic acids. The amount of ammonia required for such a union was 
calculated, and for most proteins found to correspond closely 
with that determined by analysis. Among the few for which a 
notable difference was found was gliadin. New determinations 
have shown a higher jdeld of glutaminic acid” which, together 
with the aspartic acid, corresponds closely with the quantity 
required for this assumed union with the ammonia actually yielded 
by gliadin, namelj" 5.12 per cent. 

"> Osborne, T. B., Leavenworth, C. S., and Brautlecht, C. A., Am. Jour. 
Physiol., 190S-09, xxiii, ISO. 

” Osborne, T. B., and Guest, H. H., Jour. Biol. Chem., 1911, ix, 425. 
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If, as is probable,^- the amount of aspartic acid found is about 
one-half of that present, the calculated amount of ammonia, if 
this were in amide union, would be 5.18 per cent. The agreement 
between the results of analysis (5.12 per cent) and this calculation 
is striking, and suggests that the amount of glutaminic acid which 
has been obtained from glutenin, hordein, and zein may like- 
wise be less than that actually yielded b 3 ’’ these proteins. 

The Amount of Lysine in Lactalhxiinin. 

The onlj'- analy^sis of the products of hydrolj'sis of this protein 
is that published by Abderhalden and Pribram.'® Since the 
feeding e.\periments with lactalbumin by Osborne and Mendel'* 
have shown that a much smaller quantity of this protein supple- 
ments the nutritive deficiencies of the lysine-free zein than does any 
one of numerous other proteins, it seemed probable that it would 
be found to yield relatively large amounts of this amino-acid. 
This expectation has been realized, as the following figures show. 

The preparation of lactalbumin emploj’ed for these analyses was a 
part of a large quantity that was used for the feeding experiments just re- 
ferred to, and w'as made in the following manner: Nearly all the fat was 
separated from fresh cow’’s milk by centrifugation, and the casein was re- 
moved by adding very dilute hydrochloric acid until the precipitation was 
complete. Most of the casein was strained out on cheese-cloth and the 
solution then filtered through paper pulp. A perfectly clear filtrate with 
only a faint trace of opalescence w'as thus obtained. The lactalbumin was 
coagulated by heating rapidly to boiling, and at once filtered out and freed 
from chlorides and lactose by grinding ■with water in a "Ni.xtamal” mill, 
and then -washing wdth boiling water. The coagulum w’as next digested 
six times with strong alcohol, whereby all but an insignificant amount of 
substance soluble therein w'as removed. This preparation, ■w'hen dried m 
the air at room temperature, w'eighed 1775 gm. and contained 8.17 percent 
moisture, 0.C6 per cent ash, and, calculated ash- and moisture-free, 15.51, 
15.47, and 15.49 per cent of nitrogen (Kjeldahl). 

In regard to the chemical individuality of this preparation we 
can only say that it represents a mixture of all of the coagulable 

Compare Osborne, T. B., and Jones, D. B., Am. Jaur. Physiol., 1910, 
xxvi, 305. 

Abderhalden, E., and Pribram, H., Zlschr. f. -physiol. Chon., 1907, li, 

409 . 

Osborne, T. B., and Mendel, L. B.,./onr. Biol. Chon., 1914, -wiii, !■ 
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proteins present in the milk serum after removing casein. No 
attempt was made to separate these from one another as u e wished 
to know the amino-acid make-up of the coagulum thus prepared 
for use in feeding experiments. 

The analysis by the Van Slyke method gave the following 
results. 


Lactalbumin. Van Slyke Analysis. 
Per cent of total nitrogen. 



VncoTTcctcd. 

Corrected for solubility 
of bases.*** 

L ^ 

^ W ae 


r* 

n** 

IIT* 

I 

II 

III 

.VC' 

Ammonia X ... 

8.26 

S 84 

8.60 





Humin K absorbed by lime 

2 11 

2 15 

2 69 





Humin X in amyl alcohol 








extract 


0 47 

0.51 





Cystine N 

0 56 

0 40 

0.30 

1.39 

1.31 

1.21 

1 30 

Arginine N . . . 

6 61 

6 23 

6 20 

7.35 

7.14 

7.11 

7.20 

Histidine X 

3 74 

3 47 

2.94 

4.65 

4.80 

4.27 

4.57 

Lysine N 

12 19 

11 91 

12.17 

12.27 

12.09 

12 35 

12.24 

.A.minoN of filtrate 

63 3 

62 8 

62 3 

62.1 

61 0 

61.0 

62.0 

Xon-aminoX of filtrate 

3 65 

3.5 

3 3 

2 5 

1 8 

1 6 

2.0 

Total . . 

]l00 4.5 

99 77 

98 91 






* Total nitrogen = 0.556 gm. 
** Total nitrogen = 0.571 gm. 


**• The corrections for II and III are double the usual amounts, be- 
cause the bases were recrystallized from a volume of solution equal to that 
in which they were precipitated. 

Determination I was made exactly as indicated in the original 
description of the method, except for the improvements in ma- 
nipulation outlined in the next succeeding article. Since the result 
of this detennination for lysine was higher than that of the Kessel 
determination, it was thought that some mono-anaino-acids might 
have been occluded in the phosphotungstate precipitate of the 
bases, and failed to be entirely dislodged by the washing. Con- 
sequently in Determinations II and III the phosphotungstates, 
after being washed in the usual manner, were purified bj" re- 
crystallization. 

For this they were suspended in water, and dissolved by the addition 
of just sufficient sodium hydrate. The solution was then acidified, heated. 
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and the bases were reprecipitated by addition of 15 cc. of concentrated h)’- 
drochloric acid and 5 gm. of phosphotungsticacid in each determination, the 
volume of the final mixture being 200 cc., as in the case of the first precipi- 
tation. The recrystallized precipitate of the bases was finally washed 
seven times with suction, and decomposed with amyl alcohol, ether, and 
acid, as described in the following paper. All the coloring matter which 
accompanied the bases was extracted by the amyl alcohol and ether. The 
nitrogen taken up by the organic solvents was determined by driving off 
the latter with vacuum distillation, taking the residue up in water, and 
treating by the Kjeldahl method. This is given in the table as ‘‘humin N 
in amyl alcohol extract.” 

That when the bases are thoroughly washed recrystallization 
is unnecessary is indicated by the fact that this process did not 
affect the figure for lysine, and that the amount of nitrogen and 
amino nitrogen in the mother liquors from the recrystallization 
corresponded only to the amount calculated from the solubility 
of the bases. The total nitrogen in the filtrate and washings from 
the second precipitations in Determinations II and III was, in 
each case 0.0087 gram, the amino nitrogen 0.0036 gram. These 
amounts are added to the total figures for the filtrate, uncorrected, 
but deducted in the corrected figures. 

The good agreement of Analysis I with II and III indicates 
that the phosphotungstate precipitate in all thi’ee analyses was 
quite pure. Otherwise the recrystallization used in II and III 
would have changed its composition. 

In order to obtain further evidence as to the purity of the 
phosphotungstate precipitate, i.e., whether it contained only 
13 ’^sine, arginine, histidine, and cystine, we have endeavored to 
exclude possible contamination by tryptophane, the only known 
amino-acid which, under the conditions of the analysis, could 
possibly be precipitated with the bases. 

In the original paper on the hydrolysis method it was shown 
that trj’^ptophane when boiled with hydrochloric acid yields a 
product Avhich, in not too dilute solution, can be partially pre- 
cipitated by phosphotungstic acid. The solubilitj'’ of this phos- 
photungstate is, however, so much greater than • that of the 
hexone base phosphotungstates, that tryptophane in order to 
contaminate the latter would have to be present in larger amounts 
than it occurs in anj’’ protein we have previously analyzed (the 
non-amino nitrogen of the mono-amino fraction in no case ex- 



Osborne, Van Slyke, Leavenworth, Vinograd 269 

ceeded the minimum proline + oxyproline nitrogen sufScientb' 
to make possible the presence of more than a few per cent of 
tryptophane). An indication of the amount of trj'ptophane 
which would have to be present in lactalbumin in order to 
contaminate the base precipitate is indicated by the following 
experiment. 

0.200 gm. of trj-ptophane, equivalent to 5.5 per cent of the lactalbumin 
hydrolyzed in Analyses II and III, was boiled twenty-four hours with 50 cc. 
of 20 per cent hydrochloric acid. The solution was concentrated on the 
water bath and then treated like the hj-drolysate in the Van Slyke protein 
analysis. Relatively little ammonia and humin nitrogen (0.6 and 1.0 mg.) 
was found. The filtrate from the humin was brought to 50 cc., with the 
addition of 2 cc. of concentrated hydrochloric acid and 4 gm. of phos- 
photungstic acid, the concentrations of these acids being those ordinarilj- 
used in precipitating the bases. 'When the solution stood over night a 
considerable amount of crystalline phosphotungstate separated, as in the 
former experiments of Van Slyke and of Gortner, where 38.7 per cent of the 
nitrogen was precipitated. 

That the precipitation is dependent on the concentration of 
the tryptophane solution, however, is shown by the following: 

150 cc. of a solution containing 3.5 per cent of HCl and 2.5 per cent of 
phosphotungstic acid were added to the above mixture after the phos- 
photungstate had crystallized, and the crystals were dissolved by warming. 
The solution was then allowed to stand several days, the dilution being 
that usually used in the 'Van Slyke protein hydrolysis. A perceptible 
precipitate formed, but it was slight, and contained only 1.8 mg. of nitrogen. 

If this amount of tryptophane nitrogen had been present in the 
precipitate of the lactalbumin bases only one-fourth or 0.45 mg. 
of nitrogen, equivalent to 0.08 per cent of the total, would have 
been calculated as lysine, the base on which the Kossel and 
Van Slyke hydrolyses gave the most widely deviating figures, 
namely, 10.5 and 12.2 per cent of the total nitrogen. As the 
precipitate from the lactalbumin was recrystallized at equal dilu- 
tion, however, at least twice as much tryptophane, or an amount 
equal to 11 per cent of the lactalbumin used, could have been pres- 
ent in the protein without appreciably affecting the lysine figures. 

In order to ascertain whether there can be more than this 
amount of tryptophane in lactalbumin we have utilized Gortner 
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and Blish’s’® discovery that 86 per cent of tryptophane can be con- 
verted into humin by adding glucose to the hydrochloric acid 
solution in which the protein is hydrolyzed. The following 
experiment confirms Gortner on this point. 

0.200 gm. of tryptophane and 1 gm. of glucose were boiled twent 3 ’-four 
hours with 50 cc. of 20 per cent hydrochloric acid. The solution, unlike 
a tryptophane-HCI solution without glucose, blackened during the boil- 
ing, Thereafter it was treated like the hydrolysate in the Van Slyke pro- 
tein analysis, with the following results. 



N 

mg 

Per cent ot 
the N 

Ammonia 

0 69 

2 5 

Humin 

23 74 

86 5 

Phosphotungstate precipitate 

1 16* 

4 2 

Filtrate (by difference) 

1 87 

6 8 


27.46 



* This precipitate was brown, flocculent, of low specific gravity It 
appeared more like humin that had escaped precipitation with calcium 
hydrate than like the amino-acid phosphotungstates, which are crystalline 
and heavy. 

In the lactalbumin analysis 7 grams of albumin and 7 grams of 
glucose were boiled with 200 cc. of 20 per cent hydrochloric acid. 
The hydrolysis was continued forty-six hours, as a preliminaiy 
experiment indicated that the glucose retards somewhat the 
rate of hydrolysis. The hydrolyzed solution was brought to 250 cc., 
and 100 cc. containing 0.3948 gram of nitrogen were taken for 
analysis. 


Laclalbuiinn IV. Hydiolyzed in the Presence of Glucose. 



Per cent of total nitrogca 
Uncorrcctcd, Corrected for soliibiutj 

of the bnscs 

Ammonia 

8 37 


Humin 

3 70 


C3'stine 

0 39 

1 05 

Arginine 

7 29 

8 10 

Histidine 

2 26 

3 22 

Lysine. . . 

12 42 

12 54 

Amino N of filtrate 

60.10 

58 79 

Kon-amino N of filtiate 

4 82 

3 58 

Total . 

99 35 


* Total nitrogen = 0 395 gm. 



Gortner, R. A., and Blish, M. 

J., Jour. Am. 

C/iem. Soc., 1915, 


\\\\ ii, 1G30. 
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The chief effect of the glucose is to increase the humin nitrogen 
from 2.1-2.7 up to 3.7 per cent. The total nitrogen of the bases 
is not reduced at all, the percentage, corrected for solubility, 
being 25.66 with glucose, compared with 24.94 to 25.91 without 
glucose. Nor are the proportions of amino to non-amino nitrogen 
in the bases significantly affected. (The lower histidine figrrre in 
Analysis IV is due to the high result in the arginine determination, 
not to differences in either the total, or the amino N of the bases.) 

The above results show in two ways that trj'ptophane could 
not have interfered ndth the figures for the bases. 

1. There was not enough tryptophane present. Making the 
apparently justified assumption that the 3.7 per cent of humin 
nitrogen represented 86 per cent of the tr^T^tophane nitrogen, 
the maximum amount of tryptophane nitrogen present would be 
4.3 per cent of the total, equivalent to 4.85 per cent of tryptophane 
in the protein. The experiment with tryptophane reported on a 
preceding page indicates that over twice as much would have 
had to be present in order to contaminate the bases appreciably. 

2. Removing the tryptophane by changing it into humin did 
not affect the figures for the bases. 

The distribution of nitrogen according to the modified Haus- 
mann'® method ivas determined with the following results. 


Hausmann Analysis of Lactalbumin. 


Ammonia X 
Humm X 
Basic X 
Non-basic X’ 

Total X 


Per cent of the lactnlbumm. 


I 

n 

Average 

1 31 

1 33 

1 32 

0 55 

0 53 

0 54 

3 62 

3 59 

3 61 

10 01 

10 04 

10 02 

15 49 




If ne compaie the corresponding data from the Van Slyke 
.hj'drolysis ne obtain figures which agree well: 


Ammonia X 
Humm X’ 
Basic X 
Non-basic X 


P cr cent o{ the laclalbnm in . 


Van Sl\ ke 

Hauamann 

1 31 

1 32 

0 36 

0 54 

3 44 

3 61 

10 38 

10 02 


“Osborne, T B., and Hams, I F , Joi/r Am.Chem Soc., 1903, xxv, 323 
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Comparing the percentages of these bases, as determined 
directly by the Kossel method, with those calculated from the 
results of the Van Slyke method we have in per cent of the lac- 
talbumin : 


Per cent of the lactalbumin. 
Kossel. 

1. II. VanSlyVc, 

Arginine 3.01 3.00 3.47 

Histidine 1.53 1.52 2.61 

Lysine 8.06 8.10 9.89 


The agreement between these analyses for arginine is satis- 
factory, but for histidine and lysine the difference is too great. 

Since for the hydrolysis by the Kossel method sulphuric acid 
was used, it appeared possible that the decomposition of the 
lactalbumin might not be as complete as with hydrochloric acid, 
which was used for the Van Slyke analysis. Furthennore, as 
suggested by Van Slyke, losses also might have been caused by 
adsorption during the process of decomposing the voluminous 
phosphotungstate precipitates with baryta. We therefore made 
new determinations of lysine, making the precipitations witli 
phosphotungstic acid as nearly as possible under the conditions 
of the Van Slyke method. Although the yield of lysine was 
increased to 8.8 per cent, calculated on the unreciystallized 
picrate, or 8.45 per cent, calculated from the recrystallized product 
the figure could not be raised to the level (9.9 per cent) estimated 
by the Van Slyke method. 

In making this analysis 50 gm. of the same preparation of the air dry 
lactalbumin, equal to 45.45 gm. ash- and moisture-free, were boiled with 
hydrochloric acid for twenty-four hours, and ammonia was removed by 
heating with magnesia. The solution was then divided into equal parts, 
the second phosphotungstate precipitate of the lysine from Part I being 
decomposed with baryta, and that from Part II bj" shaking with dilute 
sulphuric acid and a mi.vture of awyl alcohol and ether. 

The final solutions containing the lysine sulphate were made up to^ 
1000 cc. each. In two portions of 25 cc. of Solution I we found 0.0102 and 
0.0100 gm. nitrogen, and of Solution II 0.0102 and 0.0102 gm., equal to0.40S0 
gm. in each of the total solutions. These results show that in this case, at 
least, there was no loss of lysine through adsorption by the voluminous 
barium phosphotungstate. Since the phosphotungstates were precipitated 


” Van Slyke, Jour. Biol. Chem., 1913-14, xvi, 531. 
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from a volume of 2642 cc., the nitrogen found should be increased by 0.0066 
gm. on account of the solubility of b’sine phosphotungstate, equal to 0.0025 
gm. nitrogen per liter, which makes the corrected lysine nitrogen 0.4146 
gm., equal to 2.1393 gm. of lysine, or 9.60 per cent of the lactalbumiuj as 
against 9.89 per cent estimated by the Van Slyke method. 

To determine how much of this nitrogen could be isolated as lysine 
picrate the remaining 950 cc. of Solutions I and II were treated with picric 
acid and the precipitates dried at 100°. These weighed 4.71 and 4.69 
gm., equivalent to 8.82 and 8.78 per cent of lysine respectively, after cor- 
recting for solubility of the phosphotungstate precipitates and for the 
portions previously removed for nitrogen estimations. The precipitated 
lysine picrate was recrystallized from water and 4.44 and 4.41 gm. were ob- 
tained. Adding 0.0810 gm. for the solubility of the picrate in the 15 cc. of 
mother liquor gives 4.52 and 4.49 gm., equal to 95 per cent of the precipi- 
tated lysine picrate recovered analytically pure. 

The corrected percentage of the recrystallized picrate, 8.47 
and 8.42, is comparable with that obtained in the earlier analyses, 
namely, 8.06 and 8.10. This slightly higher result may be due to 
a more complete hydrolysis by hydrochloric acid than by sulphuric 
acid, or to a more complete decomposition of the first phospho- 
txmgstic precipitete of the arginine, histidine, and lysine by the 
amyl alcohol-ether method, compared with the baryta method. 
The latter assumption is improbable, however, because the second 
precipitate of lysine phosphotungstate, although decomposed 
with baryta, yielded as much lysine as the first. 

We have thus been able to isolate lysine picrate in a pure 
crystalline condition equal to 8.47 per cent or to 8.82 per cent in 
the form of the amorphous precipitate, which was at least 95 per 
cent pure and probably much purer. The solution from which 
this lysine picrate was obtained contained nitrogen equal to 9.6 
per cent of lysine. 

Since a very careful examination of tbe filtrates from the lysine picrate 
failed to yield even traces of this salt, the picric acid was removed bj* 
acidifying the concentrated solutions with hydrochloric acid, filtering out 
the greater part of the picric acid which crystallized out, and removing the 
remainder b 3 ' shaking with ether. To the suitably concentrated solutions 
phosphotungstic acid was added, whereupon relatively considerable pre- 
cipitates formed at once. These were decomposed by hydrochloric acid and 
amyl alcohol and ether, and the solution was evaporated to remove excess 
of acid. From one of these solutions an attempt was made to obtain more 
lysine picrate, but none whatevfer could be secured. In view of the not 



274 


Determination of Some Amino-Acids 


inconsiderable amount of nitrogen unaccounted for, it seems liighly probable 
that lysine picrate could have been thus obtained had this nitrogen be- 
longed to l3'sine. 

The other solution was freed from chlorine with silver earbonate, silver 
was removed from the filtrate from the silver chloride by hj-drogen sul- 
phide, and the solution was evaporated to small volume. This was very 
stronglj' alkaline to litmus, became turbid on adding alcohol, and after 
standing, ^deldcd a crystalline precipitate. Owing to the small amount 
of the substance contained in this solution it was impossible to determine 
its nature. 

It is evident that besides lysine these solutions contained some 
other substance or substances precipitated with the lysine phos- 
photungstate, and that this fact may explain in part the higher 
result for lysine in lactalbuniin given by the Yan Slyke method. 
On the other hand, the amount of cj’-stine which was precipitated 
by phosphotungstic acid in the Van Sljdce analysis, and there- 
fore would be expected in the lysine fraction here, would account 
for all of this undetermined nitrogen, and leave the deficit to be 
explained -only hy the unavoidable losses of manipulation. 

The Protein of Polished Rice. 

Six hundred grams of commercial polished rice were washed 
ndth water and then allowed to soak over night at room tem- 
perature. The softened grains were next ground to a tliin paste in 
a special mill, together with 2 liters of water, which included that 
in which they had been soaked. Two liters of 0.2 per cent sodium 
hydroxide solution were added, the insoluble matter was allowed 
to settle, the solution sj^phoned off, and the residue centrifuged. 
Tlie entire extract thus obtained was filtered perfectlj'' clear 
through a pulp filter and precipitated with dilute acetic acid, 
added until the iDrotein separated sharply. After the precipitate 
had settled the solution was drawm off and replaced by alcohol 
equal to three times the volume of the solution which remained. 
This was done to remove any alcohol-soluble protein that might 
be present, and wdiich could best be extracted from the finely 
divided precipitate before it was rendered more compact by 
collecting on a filter. After standing in this dilute alcohol for 
two days the precipitate -was boiled out twice with 500 cc. of 80 
per cent, bj' volume, alcohol, and delij’^drated wdth absolute alco- 
hol. The air dry preparation weighed 25 grams, equal to 4.1 ^ 
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per cent of the polished rice, and contained 7 .98 per cent moisture, 
0.78 per cent ash, and 15.20 and 15.29 per cent nitrogen, equal to 
16.68 per cent calculated for the ash- and moisture-free substance. 

The alcoholic e.Ktracts -were concentrated and found to contain 
a verj' little protein, similar to gliadin from wheat in its solubility. 
The amount was too little to enable us to learn anj^thing about 
it, and we were also unable to determine whether it was an 
original constituent of the seed. 

The preparation of the rice protein, which is equal in amount 
to somewhat more than one-half of the protein of the polished 
rice, represents the glutelin of the seed which Rosenheim and 
Kajiura have named orj^zenin.*® This protein has been hydro- 
lyzed by Suzuki, Yoshimura, and Fuji‘® who identified arginine, 
histidine, and lysine among its decomposition products, butfailed 
to make satisfactory quantitative determinations of these amino- 
acids. We therefore thought it would be of interest to analyze 
our preparation by the Van Slyke method, and have done so with 
the following results. 


Rice Protein. 


Per cent of total nitrogen.' 


Grams 

I. 

II. 

Average. 

Average 
corrected 
For solubili- 
ty of bases. 

per 100 
gm.of 
protein. •• 

Ammonia N 

11.23 

1 11.43 

11.33 

1 


Humin N 

1.46 

1.72 

1.59 



Cystine N 

0.41 

0.50 

0.46 

0.88 

1.26 

Arginine N 

16.85 

17.50 

17.17 

17.69 

9.15 

Histidine N 

4.54 

4.99 

4.77 

5.39 

3.32 

Lysine N 

4.81 

4.82 

4.82 

4.90 

4.26 

AminoN of filtrate 

52.95 

53.00 

52.98 

52.13 


Non-amino N of filtrate. . 

6.05 

6.10 

6.08 

5.28 


Total 

98.30 

100.16 





* Total nitrogen = 0 611 gm. 

Calculated on the assumption tjiat the ash-free protein contains 
1C.6S per cent of nitrogen. 


>’ Rosenheim, O., and Kajiura, S., Jour. Physiol., 1907-OS, .x-xxvi, pp 
hv-lv. ' * * 

» Suzuki, U Yoshimura, K., and Fuji, S.. Jour. College of Agricnllure, 
loKijo Imperial Lnirersity, 1909, i, 77. 
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In the following table the amount of basic substances yielded 
by oryzenin, which probably constitutes nearly all of the protein 
of the endosperm of rice, is compared with that 3delded by the 
proteins of the endosperm of the seeds of wheat and maize. The 
figures for wheat are calculated on the assumption that wheat 
gluten, which contains nearly all of the protein of the endosperm 
of the seed, consists of equal parts of gliadin and glutenin; those 
for maize on the assumption that corn gluten, which represents 
the protein of the endosperm of the maize kernel, consists of two 
parts of zein and one of maize glutelin. 

Basic Substances Yielded by the Proteins of the Endosperm of the Seeds in 

per cent of the Protein. 



Wheat. 

Maize. 

Rict. 

Arginine 

3.86 

3.39 

9.15 

Histidine 

2.02 

1.55 

3.32 

Lysine 

1.58 

0.97 

4.26 

Ammonia 

4.62 

3.13 

2.22 

Percentage of assimilable nitrogen* 

40 

29 

88 


* The figures for assimilable nitrogen are taken from the work done in 
Rubner’s laboratory by Karl Thomas.-® The different proteins were taken 
in moderate amounts after a period on a protein-free diet, when the body 
was presumably in a condition to retain and assimilate as much of the 
absorbed protein as the amino-acid content rendered possible. The per- 
centage of absorbed nitrogen incorporated into, or at least retained by, 
the body tissues, was calculated, with the results given above. It is rather 
striking that the figures for the utilizability of these proteins correspond 
so closely with the lysine which they yield. 

From these figures it is evident that the protein of the rice 
kernel does not show the marked differences which the other cereal 
proteins shoAv in respect to their amino-acid make-up when com- 
pared with the majority of food proteins, and particular!}’' 'with 
most tissue proteins. It is, therefore, not improbable that the 
nutritional requii’ements may be satisfied by a smaller quantity 
of this protein than of those of wheat or maize kernels. These 
facts are in harmony with the extensive use of rice as food for men 
despite its low content in protein; and furthermore with the bio- 
logical utilizability of the respective proteins as determined by 
Thomas. 

=® Thomas, K., Arch.f. Anat. u. Physiol., Physiol. Abl., 1909, 219. 
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Free Amino Nitrogen of the Proteins. 

Van Slyke and Birchard have determined in a series of proteins 
the amount of nitrogen which reacts as free NHi with nitrous 
acid.^^ In all the native proteins analyzed bj' them, except a 
gliadin preparation of doubtful purity, the free amino nitrogen 
was found equal to one-half the l}^ine nitrogen, as determined 
by Van Slyke’s nitrogen distribution method. This relationship, 
in conjunction with the fact that the free amino nitrogen of the 
native proteins reacts with nitrous acid at the slower rate char- 
acteristic of the w-NH* group of lysine as compared with the 
faster acting a-NHj groups of the other amino-acids, led to the 
conclusion that the oj-NHo group of the lysine is free in the native 
proteins, and is the only free amino group therein, aU the a-NHj 
groups of the constituent amino-acids being bound in peptide 
linkings. 

Recently Hartley^ has added further evidence in support of 
this conclusion. He finds that in the albu min and the globulins 
of horse and ox serum the free NHs is equal to half the lysine 
nitrogen. 

In order to find whether the 2:1 ratio between lysine nitrogen 
and free amino nitrogen holds for lactalbumin and rice protein, 
and for gliadin, we have determined the free amino nitrogen in 
all three proteins and compared the results with those for lysine. 

0.75 gm. of each protein (air dried) was dissolved and diluted to 25 cc. 
5 cc. portions were taken for Kjeldahl determinations, and 2 cc. for amino 
nitrogen by the nitrous acid method.” The solvents used were difierent. 
The gliadin was dissolved in 2.5 cc. of glacial acetic acid plus 1 cc. of water, 
and the clear solution diluted up to 25 cc. The lactalbumin was dissolved 
in 5 cc. of cold 10 per cent sodium carbonate, and the turbid solution diluted 
to 25 cc. The rice protein was taken up with sufficient 4 per cent potassium 
carbonate to make the volume 25 cc. Blanks were run in duplicate in each 
case with acetic acid or carbonate of similar concentration, the volume of 
gas obtained from the blank being subtracted from that obtained in the 
analysis. The results are given in the following table: 


” Van Slyke, D.D., and Birchard, F. J., Jour. Biol. Chem., 1913-14, xvi, 
539. The evidence showing that nitrous acid does not hydrolyze the pro- 
teins under the conditions of the determination is given in this paper. 

•' Hartley, P., Biochem. Jour., 1914, viii, 544. 

” Van Slyke, The Gasometric Determination of Aliphatic Amino Nitro- 
gen in ^^in^te Quantities, Jour. Biol. Chem., 1913-14, xvi, 121. 
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Free Amino Nitrogen of the Proteins Compared ivith the Lysine Nitrogen 


Protein. 

Total N 
in 2 cc. 
solu- 
tion. 

j 

N eas 
from 

2 cc. 

Pres- 1 
sure. 1 

i 

Tcm- 1 
pera- 
ture. ; 

Amino 
Nin2 
cc. solu- 
tion. 

Per 
cent of 
total N 
as am- 
ino N. 

Per cent of total N = 5 
the lysine N as deter- 
mined by method of: 

Van Slyke. 

Kossel. 


nig- 

CC. 

vim. 

•c. 

mg. 






1.07 







Lactalbumin. ., 

9.21 

1.05 

759 

25 

0.5SS 

6.49 

6.10 

5.45 

Average .... 


1.06 







Rice protein. . 

7.92 

0.30 

751 

19 

0.172 

2.17 

2.00 

— 

Average .... 


0.30 


1 





IVheat 


0.11 







gliadin* 

9.40 

0.10 

762 

25 

0.058 

0.62 

0.66 

0.32 

Average .... 


0.105 


1 




1 


* Repetition with more material gave the same result. A solution three 
times as concentrated gave 0.31 cc. of nitrogen gas at 26°, 7G0 mm., equiv- 
alent to 0.61 per cent of the total nitrogen. 


It is evident from the above table tliat the ratio 7 

free NHe 1 

holds for all three proteins when the Ij’-sine determinations by the 
Van Slyke method are taken. The l 3 ’’sine nitrogen figures for 
lactalbumin and gliadin by KosseFs method run somewhat lower, 
but parallel. 


SUMMAKV. 

1. From gliadin an amount of analytically pure ^'’sine picratc 
was isolated equivalent to a lysine content of 0.64 per cent of the 
ash-free protein, correction for the solubility of l 3 '’sine phos- 
photungstate being made. The amount obtained is several 
times that reported by previous authors (0 to 0.16 per cent), 
from which figures gliadin has heretofore been regarded as prac- 
tically lysine-free. 

The l 3 ^sine eontent estimated from the partition of nitrogen by 
the Van Slyke method was still higher, 1.21 per cent. 

As the results b 3 '’ the pi crate method are based on the weight 
of pure substance actually isolated, they are minimum figures. 
The nitrogen partition results, on the other hand, may be taken as 
maximum figures; for the3’' represent all the basic amino nitrogen 
not in the form of arginine, histidine, and cystine. It appears 
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probable, therefore, that the true lysme content of gliadin lies 
between the results by the two methods, and may be stated as 
0.93 * 0.28 per cent. 

Expressed in the same manner, the histidine content is 1.84 
0.35 per cent, the arginine 2.84 — 0.14 per cent, the upper limit 
in each case giving the results by the Van Slyke method, the 
lower that by Kossel’s. 

In the case of lysine especial efforts were made to-eliminate all 
sources of loss which might account for the lower results by 
Kossel’s picrate method as compared with the distribution method; 
but, as indicated above, without" raising the results by the former 
method to the level of the latter. The lower results by Kossel’s 
method were not due to hydrolysis noth sulphuric acid instead 
of hydrochloric, or to precipitation of the phospbotungstates under 
conditions different from those employed in the Van Slyke 
method, or to loss in decomposition of the lysine phosphotungstate 
with baryta. 

2. The amount of nitrogen jielded by the gliadin as ammonia 
corresponds closely with that required for amide union with one 
carboxyl group of the larger amount of glutaminic and aspartic 
acids recently obtained from gliadin. This fact is added evidence 
that the nitrogen jdelded as ammonia by acid hydrolj'sis exists 
in the protein molecule in acid-amide form as in asparagine and 
glutamine. 

3. In all three proteins, as in the series analyzed by Van Slyke 
and Birchard and by Hartley, the free amino nitrogen determin- - 
able by the nitrous acid method was found equal to one-half the 
amount of lysine nitrogen determined by Van Slyke’s method. 
As in all cases Kossel’s picrate method gave somewhat lower, 
though parallel, results for lysine, the Ij'sine determined as the 
picrate was less than that calculated from the free amino nitro- 
gen of the proteins, although the deviation was not great. The 
approximate constancy of the ratio, free KHj ; b'sine NH 2 = 1:2, 
indicates that one of the two NH* groups of lysine exists free in 
the protein molecule, the free group being probably the td-NHj 
group. 

4. The hexone base content of lactalbumin was found to be the 
following, the upper limit in each case representing the results by 
Van Slyke’s method, ihe lower that by Kossel’s: lysine, 9.16 =* 
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0.68 per cent; histidine, 2.06 =*= 0.54 per cent; arginine, 3.23 ± 
0.23 per cent. 

As in the case of gliadin, it was found impossible to isolate an 
amount of lysine picrate corresponding to the entire content 
indicated by the nitrogen distribution method. The difference 
between the two sets of results could not be reduced below 1.3 
per cent, despite exceptional precautions to' eliminate error in 
both methods. Both agreed, however, in showing thatlactal- 
bumin is exceptionally rich in lysine. This fact is particularly 
interesting in view of the ability of lactalbumin, shown by Osborne 
and Mendel, to stimulate the growth of rats when used to supple- 
ment a ration low in lysine. 

6. The partition of nitrogen among the products of hydrolysis 
of oryzenin, the chief protein of the endosperm of rice, was de- 
termined by the Van Slyke method. Compared with the endo- 
sperm proteins of wheat or maize, the protein of rice yields rela- 
tively much of each of the basic amino-acids, arginine, histidine, 
and lysine, and comparatively little ammonia and non-amino 
nitrogen. In its general amino-acid make-up it more nearly 
resembles the majority of the proteins of animal tissues than do 
the proteins of maize or wheat. This may explain the extensive 
use of rice as an almost exclusive diet in spite of its low protein 
content. 



IMPROVEMENTS IN THE METHOD FOR ANALYSIS OF 
PROTEINS BY DETERMINATION OF THE CHEMI- 
CAL GROUPS CHARACTERISTIC OF THE 
DIFFERENT AMINO-ACEDS. 

By DONALD D. VAN SLYKE. 

{From the Hospital of the Rockefeller Insliiule for Medical Research.) 

(Received for publication, July 12, 1915.) 

Although the principle of this method for determining the prod- 
ucts of protein hydrolysis remains as described in the ori^al 
article in this Journal, ^ the technique has been so modified at a 
number of points that the liability to error has been diminished 
and the ease and sureness of the manipulations increased. Brief 
mention of these points therefore appears justified. 

In washing the phosphotangslic precipitate of the bases it is possible, 
with a steady and moderately strong suction, to dispense with the 
special form of plaited filter described in the ori^al paper, and 
utilize a tw'o-inch Buchner funnel with a flat circle of hardened 
filter paper pressed over the perforations in the usual marmer.- 
The washing is carried out without at any time releasing the suc- 
tion. Successive portions of 10 to 15 cc. of the washing solution 
are poured onto the well packed precipitate, which is stirred up 
with each portion by means of a flat-tipped rod, so that all parts 
of the precipitate are reached. If a steady suction is maintained 
all the time, this can be done without danger of loosening the filter 
from the floor of the funnel, and is a considerably neater and 
easier process than that originall 3 ’' described. It can not be 
utilized with a strong central vacuum, as this sucks the washing 
solution through before it can be stirred up with the precipitate. 
Nor can it be used with a weak pump, as the filter paper not 

* Van Slyke, D. D., Jour. Biol. Chem., 1911-12, x, 15. 

' This simplification was introduced by Dr. Percival Hartley, of the 
Lister Institute, during the course of his analyses of serum proteins {Bio- 
chcm. Jour., 1914, viii, 541). 
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be held strongly enough to the floor of the Buchner funnel to 
prevent its detachment during the stirring. With a good aspira- 
tor pump of the ordinary type, however, this technique is pref- 
erable to the original, because the area of filter paper that must 
be quantitatively washed is much smaller. 

The washing solution should be cooled to 0° before it is poured on- 
to the precipitate. It has been found that the solubility of the 
phosphotungstates of the hexone bases is only about one-fourth 
as great at 0° as it is at room temperature. Consequently when 
the washing solution is used at or near 0° the danger of dissolving 
appreciable amounts of the precipitate is reduced to a minimum. 

The above suggests the obvious desirability of not only wash- 
ing, but precipitating the bases at 0°. We can not yet say that 
this is a safe procedure, however. The phosphotungstates of 
some of the mono-amino-acids, such as alanine, phenjdalanine, and 
proline, are fairly insoluble at 0°, and it is possible that an attempt 
to precipitate the bases in a solution cooled to this temperature 
might result in some cases in the precipitation of such acids of 
the mono-amino fraction. 

The number of washings necessar}!- in each case to free the phos- 
photungstate precipitate completely from the mother liquors 
is determined by testing the successive luashmgs for calcium. For 
this a 10 per cent sodium hydrate solution containing some sodium 
oxalate is used. The specific gravity of this solution is so high 
that the drops of washing solution tested can be floated in a 
layer on top, and the sensitiveness of the test made much more 
delicate than when the portion of washing liquid to be tested is 
mixed with several volumes of oxalate solution. For the test, 
1 or 2 cc. of the alkaline oxalate solution are placed in a test-tube 
of 8 or 10 mm. diameter, and 2 or 3 drops of the -washings from the 
stem of the Buchner funnel are allow'ed to run down the side 
of the tube and form a layer on top of the solution. The tube is 
now gently shaken until just enough alkali has mixed with the 
upper layer to turn the latter alkaline. The tube is viewed 
against a dark background, but with plenty of light passing 
through the solution itself. If no cloud is visible in the upper 
layer, the tube is allowed to stand a few' minutes. If no evidence 
of a precipitate can then be seen, the washing is complete. 

The fact tb-at under these conditions the washing out of the 
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mono-amino fraction is really complete, is shonm bj' the results 
of recrj^stallization of the basic phosphotungstates (see lactalbumin 
analysis in the preceding paper, p. 267, for example) . The mother 
liquors from the recrj'stallized bases were found to contain amino 
and non-amino nitrogen only in the amounts to be expected from 
the solubility of the bases. If in any analysis, however, there 
should be reason to doubt the purity of the phosphotungstate 
precipitate, or the efficiency of the washing, the precipitate may 
be recrysialUzed in the manner described in the report of the 
lactalbumin analysis. 

For decomposition of the basic phosphotungstates (removal of the 
phosphotungstic acid and putting the bases into solution again) 
we have found quite a different procedure to be preferable, as a 
rule, to the use of barium originally recommended. Winterstein’ 
showed that when a precipitate of basic phosphotungstates was 
suspended in dilute hj^drochloric acid and shaken with ether the 
precipitate went into solution, the greater part of the phospho- 
tungstic acid being extracted from the aqueous mi-xture by the 
ether. By shaking with repeated portions of ether, all the 
phosphotungstic acid could be removed, and concentration of the 
water solution jielded as a residue the pure hydrochlorides of 
the bases. Our experience indicated that with this method the 
complete removal of phosphotungstic acid, such as is necessary 
before the cystine sulphur can be determined, is, though possible, 
extremely difficult. Jacobs some time ago discovered, however, 
that amyl alcohol has a surprising affinity for phosphotungstic 
acid, and extracts it with great readiness from water'solution.-' 
We find that a mixture of equal parts of ether and amyl alcohol 
ser\'cs perfectly for decomposing the phosphotungstic precipitate 
of the he.xone bases. It is preferable to amyl alcohol alone be- 
cause of the lighter specific grardty of the ether mixture, and it 
appears to extract phosphotungstic acid from water as readily 
and completely as does amj-l alcohol. The following procedure 
is utilized. 

The basic precipitate from the 3 or i grams of protein ordinarily 
used in an analysis is removed from the filter by a spatula and 


nVmterstein, E., Zlschr.f. physiol. Chem., 1901-02, x.xxiv, 153. 
* Jacobs, W. Jow. Biol. Chem., 1912, .xii, 429. 
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washing, and transferred to a half-liter separatory funnel, using 
200 or 300 cc. of water to effect the transfer. Five or 10 cc. of 
concentrated hydrochloric acid are added, and the mixture is 
shaken with the 1:1 amyl alcohol-ether, using so much of the 
latter that it all floats in a layer above the water after the pre- 
cipitate has gone into solution. Usually about 100 cc. of the ether- 
amyl alcohol suffice, and one or two minutes’ shaking results in 
complete solution of the precipitate. If too little of the ether- 
amyl alcohol has been used, some of it will, after taking up phos- 
photungstic acid, sink as an oil below the aqueous phase. In 
case this happens, more of the extracting mixture is added, until 
all floats in one layer at the top. 

In some cases the aqueous and ether-amyl alcohol layers do not 
separate readily with a clean boundary between them. This 
effect is due to the presence of a slight amount of humin which 
may have escaped previous adsorption by calcium hydrate. 
In this case the unadsorbed humin is carried down with the basic 
phosphotungstates, and fouls the solution when their precipitate 
is decomposed as above described. In order to clear the solution 
up, it is all, without separation of the aqueous and ether-amyl 
alcohol layers, passed through a Buchner funnel with suction. 
The clear filtrate readily separates into two layers. The aqueous 
layer is extracted with three more successive portions of ether- 
amyl alcohol, using each time a volume of the mixture equal to 
about one-fourth the volume of the water solution. Finally 
the combined amyl alcohol-ether extracts are shaken out once with 
water, to remove traces of bases that might have been carried into 
the extract; this portion of water is then shaken once or twice 
with fresh amyl alcohol-ether, and combined with the mam 
solution of the bases. The latter should be free of phosphotungstic 
acid, as demonstrated by the absence of a precipitate when a few 
drops are added to a saturated solution of barium hydrate in a 
small test-tube. The solution of the bases is now concentrated 
to dryness in vacuum in order to drive off the free hydrochloric 
acid, and the residue is washed into a 50 cc. flask. 

The above procedure is much quicker than the decomposition 
with sodium hydrate and barium chloride originally described, 
involves the use of smaller volumes of solution, and finally gives 
a solution of the bases that contains no barium. This is of great 
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advantage in the subsequent arginme determination, where the 
presence of barium is likely to cause disagreeable bumping. 

The deiermination of amino nitrogen in the bases can now, nith 
the micro-amino apparatus, be performed with only 1 or 2 cc. of 
the total 50 cc. It is consequently desirable to use the micro- 
apparatus and perform duplicate determinations of amino nitro- 
gen, rather than use the larger amino apparatus ndth 10 cc. of 
solution, and be limited to a single determination. 

The total nitrogen of the bases, as determined in the arginine 
residue, can also be determined advantageously in duplicate. 
The alkaline solution, left after decomposition of the arginine 
and removal of the ammonia formed, is diluted up to 100 or 200 cc. 
and divided into halves. Each half of this solution is then 
Kjeldahled separately, using 20 cc. of sulphuric acid for the 
digestion. 

In conclusion it may be well to call attention again to the 
fact that the method was designed for use only with proteins 
not accompanied by other classes of substances, particularly 
tdtrogenous substances, which would obviously falsify the inter- 
pretation of the results vmless the behavior of the non-protein 
substances were so accurately known that corrections could 
be made. 

Reference to the accompanying paper by Osborne, Van Slyke, 
Leavenworth, and Vinograd will show that with the above changes 
in technique the agreement between duplicate determinations 
is much closer than that claimed for the method in its original 
description,® 

‘ Humin nitrogen as a measure of tryptophane. Gortner and Blish 
(Jour. Am. Chem. Soc., 1915, xxxvii, 1630) have recently shown that if 
trjTJtophane and glucose are boiled together in 20 per cent hydrochloric 
acid under the conditions used for the protein hydrolysis, 86 per cent of 
the tiyTitophano is converted into humin. We have repeated the experi- 
ment with the same result. It appears highly probable that if an 
amount of glucose equal to that of the protein be added to the protein- 
acid mixture before hydrolysis, the humin nitrogen divided by 056 will 
approximately indicate the ma-ximum amount of trj'ptophane. Gortner 
and Blish have shown that the action of glucose increases the humin 
yield of zein and gliadin, and we ha've found the same for lactalbumin. 
It may be well to mention that it appeared necessary to boil the lactal- 
bumin in the presence of the glucose 48 hours, instead of 24, in order 
to attain complete hydrolysis. 




AN OXALIC ACID PRODUCING PENICILLIUM.^ 

Bt JAMES N. CURRIE a.vd CHARLES THOM. 

(From the Laboratories of the Dairy Dirision, Bureau of Animal Industry, 
United States Department of Agricvliure, Washington.) 

(Received for publication, July 22, 1915.) 

O.xalic acid formation by fungi has received the attention of several in- 
vestigators since de Bar^'" observed that the mycelium oi Sclerotinia sclcro- 
lioruni became incrusted with an oxalate in its older stages. The most 
elaborate study of the problem was made byWehmer.’ His results were 
published in a series of twenty-three papers. Tabulated data showing 
o.xalic acid production under various conditions were given for Aspergillus 
niger and Penicillium gtaucum. No other molds were considered in detail. 

Wehmer reviewed his own work and also that of other investigators up 
to 190G in his chapter on the chemical action of Aspergillaceae contributed 
to Lafar’s Handbuch der technischen Mykologie.^ More recent literature 
contains several casual references to citric acid production in small quanti- 
ties by various fungi but records no systematic study of the problem. 

IVehmer states that the only acids produced by either Aspergillus or 
Penicillium in notable quantities are oxalic and citric. He concludes that 
investigators who have reported lactic, formic, and acetic acids did not 
work with pure cultures. O.xalic acid fermentation in its true sense, the 
production of free oxalic acid, according toIVehmer has been obseired only 
in cultures of Aspergillus niger. Aspergillus glaucus, Penicillium gtaucum, 
Botrytis cincrca, Sclerolinia sclerotiorum, and Rhizopus nigricans produce 
oxalic acid onh' in traces and only as the media is maintained close to the 
neutral point. 

W chmer studied the various conditions which influence oxalic acid pro- 
duction. He found it was favored by low temperature, abundant carbo- 
hjdrate food supply, the presence of an insoluble calcium salt as calcium 
phosphate or carbonate, and the presence of substances from which the 
mold can produce ba.«ic material such as organic nitrogenous compounds 
and salts of organic acid.s. 


‘ Published by permission of the Secretary of Agriculture. 

■ de Bary, Bot. Ztg., 18S0, .xliv, dOl. 

= M'ehmcr, C., ibid., 1S91, .xlix, 23-3. 

‘ Lafar, F., Handfa, d. technischen Mykologie, Jena, 2nd edition, 190.)- 
0', iv, 212. 
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We have studied the oxalic acid production of twenty-three 
species of Penicillium. Many of these occur on the foodstuffs of 
man and of domestic animals under such conditions that oxalates 
might be produced. With the exception of the one species with 
which this paper is chiefly concerned it is doubtful if the quantity 
of oxalates formed would in any case be large enough to become 
a significant factor in food chemistry. 



Fig. 1. 

The three most important facts demonstrated are: (1) Oxalic 
acid is produced by many species of Penicillium. As a common 
product of their metabolism it may be likened to lactic acid among 
bacteria, (2) Oxalic acid is a transient and not an end-product 
of metabolism. (3) An undescribed Penicillium for which wc 
propose the name Penicillium oxalicum should be added to the 
list of true oxalic acid ferments. A technical description of this 
organism with drawings is therefore given. 
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Descri-ption of Pcnidlliiirn Oxalicum. 

Colonies on Czapek’s agar solution near ivy-green (Ridgeway XXXI) 
veh'Cty, spreading widely with surface growth conidiophores only; rerrerse 
of colony pale yellow; agar uncoloted or only slightly colored; conidio- 
phores up to 200 M long by 3.3 to 5.4 h in diameter enlarged to 5 at apex; 
conidial fructification consisting of a single verticil of two to three branches 
15 to 20 X 3.5 appressed, bearing verticils of conidiiferous cells 10 to 14 
X 2.5 to 3.5 )i in small parallel whorls which bear conidial chains in close 
columns which form visible masses of conidia easily broken free from the 
surface of the colony by tapping or jarring the glass; conidia at first cylin- 
drical then elliptical from 2 .X 2 x4/i, 2 x 5p,up to 3.5 x 5 m persistently 
elliptical, remaining in chains in alcoholic mounts swelling to 7 to lOg in 
diameter and germinating by one or sometimes two tubes. Xo odor 
discernible. 

Gelatin without sugar slowly liquefied more or less, with alkaline reac- 
tion. Produced rhombic ciystals in prune gelatin. Grew richly at 37°C, 
Shows a morphology of conidial apparatus resembling P. ilalicum, fVeh- 
mer, but differs widely from that species in appearance and habits. First 
found by T. P. Haslam in cultures from com in Kansas. Later isolated 
from moldy com and com meal from many localities including Connecti- 
cut, Marj’land, Virginia, and Illinois. It also occurs in soil cultures but 
evidentlj' if it is a soil organism it is so well adapted to grow upon corn that 
it becomes a very common component of the flora of moldy corn and com 
products. 


Methods of Cxdlure and Analysis. 

The media employed were after the general formula of 
Czapek. The magnesium sulphate and potassium chloride were 
reduced because the magnesium tends to precipitate out the phos- 
phate and the sulphate and chloride radicals add to the difficul- 
ties of separating the organic acids. Two media were used, one 
of which will be designated 3 per cent cane-sugar and the otiier 
5 per cent cane-sugar. The inorganic salts used in each are shown 
in the following table. 


Sodium nitrate 
Potassium nitrate 
Potassium dihydrogen 
phosphate . . 
5ragncsium sulphate . . . 
Potassium chloride 
Ferrous sulphate 


3 per cent cane-frugar. 

1 0 gm. per 1000 cc. 
1 0 

0 5 “ 

0 01 
0 01 
0 01 


5 p^r cent cane-sugar. 

3 0 gm. per lOOO cc. 
0.0 “ 


1.0 
0.25 
0.25 
0 01 
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Where the 3 per cent cane-sugar medium was used the mold 
was inoculated into 125 cc. of medium and 100 cc. of filtrate were 
analyzed. In all other cases the medium was filtered, the mycel- 
ium thoroughly washed with hot water, and the wash water added 
to the filtered medium. In no case did the mycelium after thor- 
ough washing yield a further quantity of oxalates even when di- 
gested with hydrochloric acid. The filtrate was then made alka- 
line with ammonia, heated almost to boiling, and a little mag- 
nesia mixture added. In this magnesia mixture chlorides were 
replaced by nitrates. This removes the excess of phosphates and 
a considerable quantity of pigment and other substances which 
would interfere with the purification of the oxalate. The oxalate 
was then precipitated as the calcium salt, dissolved in dilute hy- 
drochloric acid, and reprecipitated. The twice precipitated oxa- 
late was then dissolved in dilute sulphuric acid and estimated by 
titration with potassium permanganate. The purity of the cal- 
cium oxalate obtained by this procedure was established for 
nearly every mold studied by estimating the calcium oxide by 
direct ignition of the oxalate. When a calcium salt had been 
added to the medium the entire culture was thoroughly digested 
with warm hydrochloric acid before filtration and the removal of 
phosphates by magnesia mixture had to be omitted. 

Examination of these data shows that P. oxalicum, culture num- 
ber 103, under all conditions investigated far exceeded all others 
as a producer of oxalic acid. P. italimm which resembles P . oxali- 
cum in morphology and also numbers 28 and 2467 which belong 
to the Citromyces group, produced very considerable amounts of 
oxalic acid when grown on media containing calcium carbonate. 
Wehmer^ states that some of his Citromyces cultures formed oxa- 
lates as a secondary reaction on the citrate first formed, when cul- 
tivated in the presence of an excess of calcium carbonate. 

Two cultures of P. oxalicum designated by numbers 103 and 
3563.8 which had been derived from different sources were se- 
lected for further study. These were grown at 20°C. on 5 per 
cent cane-sugar media, and also on 10 and 20 per cent cane-sugar 
media in which sodium nitrate and potassium dihydrogen phos- 
phate were proportionately increased. The other inorganic salts 

‘ Wehmer, Chem.-Ztg., 1909, xxxifi, 1281. 
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TABLE I. 


Oxalic Acid Produced per 100 cc. of Medium, Expressed in jxr cc. 
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6 

b 

e 

tt 

6U 

Cc« 

c 5 

s| 

t*— • 

e*5 

aZ 

t£ 

h 

5c» 

Sc 

= f 
gc 

U 

« 

c 

u 

R < 

o 

& ^ 
ti s 
u"Z 

Soo 

e >> 
tc s 

37 

1 SO 

ic. 

o m 

go,. 

k‘9 

C 

u 

l*= 

Is 

& 

U ^ 

tfS 

oSo; 

cos 

O 

c- ^ 

1. «£ 

Pinophilum 

1 

0.0 

0.0 

0.0 

m 



Brevicaule 

2 

0.33 

0.0 

0.0 

0.8 

0.0 


Camemberti 

5 

11.6 

21.7 

31.0 

52.1 

22.0 

38.42 

Granulatum 

9 

11.7 

15.1 

31.6 

32.3 

21.4 

38.41 

Italicum 

10 

21.5 

22.2 

44.9 

118.4 

21.3 

38.41 

Luteum 

11 

17.5 

12.5 


15.6 


38.32 

Expansum 

14 

14.1 

12.4 

31.9 

24.4 

10.9 

38.46 

Citrinum 

15 

0.0 

0.0 

4.6 

KS 

■iXi] 


Purpurogenum 

17 

0.0 

0.0 

0.0 

0.0 




18 

21.0 

26.2 

30.4 

48 .8 

11.6 

38.51 

Duclauxi 

20 

0.0 

0.0 

0.0 

5.3 



Commune 

23 

14.6 

19.0 

32,9 

15.5 

16.8 


Chrysogenum 

26 

14.4 

7.6 




38.43 

Stoloniferum 

27 

12.2 

8.4 

36.0 


20.4 

38.38 

Divaricatum 

34 

0.0 

0.0 

0.0 

WBB 

0.0 


Splnulosuin 

45 

0.0 

0.0 

0.0 


0.0 


Notatura 

102 

0.0 

0.0 


1 38.1 

6.2 


Oxalicuni 

103 

54.1 

53.0 

35.2 

mm 


38.39 

Variabile 

3551 

0.0 

0.0 


19 5 

10.2 


Not named 


11.2 

13.4 

14,1 

SS.l 

9J> 4 

38 27 

Citromyces group 

63 

10.2 

20. ■> 


10 0 

3S 49 


. 2467 

16.0 


24.0 

14S i 

14.4 


<1 

. 28 

Hi 

li 

13.6 

122.( 

38.29 


* Designation of cultures is the same as that used by Thom, Cultural 
Studies of Species of PeaicilUum, U. S. Dept, of Agriculture, Bureau of 
Animal Industry, Bull. US, 1910,. 


tvere as given for the 5 per cent cane-sugar media. At various 
intervals the acidity of these cultures was determined by titra- 
tion with phenolphthalein as indicator and the oxalate radical es- 
timated by precipitation as calcium oxalate and titration with 
potassium permanganate. For comparison Aspergillus ntger, the 
oxalic acid ferment par excellence was included. Numbers 4, 5, 
and 6 were gently rotated daily to increase diffusion throughout 
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the media. It is difficult to accomplish this without submerg- 
ing the mycelium, with resultant interference in continuous 
metabolism. 


TABLE II. 


Acidity-per 100 cc. of Medium and Total Oxalate Radical, Expressed in ^ cc. 



Per cent of 
cane-sugar. 

5 days. 

8 days. 

12 days. 

14 days. 


28 dajs. 

Acidity. 

Oxalate. 

Acidity 

Oxalate 

Acidity. 

& 

y 

O 

Acidity. 

Oxalate. 

Acidity. 

Oxalate. 

*3 

< 

0 

K 

0 

1 A.mgcr 

5 

104 4 

125.7 

128.8 

158.4 

188.8 

216 8 

130.8 

157.5 

98.4 

124.8 

66 0 

9? 2 

2 103 . . 

5 

59 S 

89 6 

55 2 

86.0 

54.4 

84 8 

59.2 

86 6 

29 8 

56 8 

7.6 

35 2 

3 3563 8.. 

5 

11 2 

39 6 

44 0 

70 2 

42 8 

72 8 

27.2 

52 0 

29.8 

40 2 

5.2 

31 4 

4 103 

5 

01 6 

91 0 

71 2 

101 6 

40 8 

70 6 

48 0 

78 6 





5 103 . 

10 



67 5 

117.1 

97 5 

151 4 

79 0 

132 8 





6 103 

20 



72 0 

119 0 

106 5 

179 3 

124 0 

195 8 






These results show that P. oxalicum though a less rapid pro- 
ducer of oxalic acid than Aspergillus niger is nevertheless a true 
oxalic acid ferment. It veiy quickly produces an acidity in media 
which under favorable conditions may reach 0.8 per cent free 
oxalic acid (COOH.HoO)^. The media from cultures of P. oxali- 
cum are only slightly colored during the first eight to ten days 
and give a sharp end-point with phenolphthalein. Without the 
presence of an alkali carbonate to neutralize the acid formed,, more 
than 1 per cent of oxalic acid accumulates as the free acid and as 
oxalates. Although the mold grows poorly and forms very few 
spores when grown upon media to which calcium carbonate is 
added, the yield of oxalic acid is greatly increased and may reach 
nearly 40 per cent of the weight of sugar employed. The results 
show clearly that oxalic acid is not an end-product but reaches a 
maximum point in eight to twelve days and then deelines. If 
the media be agitated this maximum point is attained more 
quickl3^ 

Penicillium oxalicum is very omniverous in habit. Its ability 
to produce oxalic acid from various sources of carbon was tested 
by growing it upon media made up exactly as the 5 per cent cane- 
sugar media except that the sugar was replaced b 3 '- 5 per cent of 
the organic substance to be tested. 
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TAB1£ in. 


Oxalic Acid Produced per 100 cc. on S per cent Medium, Expressed in^ cc. 


Culture. 

1 10 days 

8t20*. 

1 15 days at 20*. 

! 103. 

[ 3563 -S. 

103. 

1 3563.8. 

Glucose 

105.6 

78.0 

■a 

41.6 

Lactose j 

95.6 

34.4 


93.8 

Potato starch 

106.8 

66.8 

■in 

66.6 

Glycerin ■ 

0 .3 I 

10.3 

19.4 

56.6 

Peptone 

89.3 

58.8 

117.6 

80.4 

Calcium lactate 


1 

15,2 ! 

1 

8.6 


Both cultures grew luxuriantly on all these media except glycerin 
and calcium lactate. The most striking cultural difference ob- 
served between these two cultures was their deportment on gly- 
cerin media. In all other cases 103 had showed itself more active 
than 3563.8, but on glycerin this was reversed. This was shown 
very plainly in the abundance of m3melium as well as in the ac- 
tual production of oxalic acid. The ability of this organism to 
hydrolyze gelatinized starch is shoivn from the fact that it pro- 
duced as much oxalic acid in ten days from starch as from a 
soluble sugar. 

It has not been the purpose of the authors to indulge in anj' 
speculations concerning the mechanism of oxalic acid formation 
or its biological significance with regard to the metabolism of 
fungi. The chief interest of this paper lies in the fact that we have 
observed a Penicillium which forms oxalic acid as the chief 
product of its metabolism. This is an observation hitherto 
unrecorded in the literature of fungi. 














THE HEXONE BASES OF MALIGNANT TUMORS. 
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(Received for publication, July 6, 1915.) 

Interest in the hexone bases of malignant tumors has been 
stimulated by the recent work of Osborne and Mendeh who 
found a physiological relationship between certain members of 
this group and normal grondh. In prolonged experiments with 
white rats these investigators showed that, if lysine was omitted 
from the diet of a growing animal, growth halted. If lysine was 
added to the diet, the animals began to grow again. On the 
other hand, in the case of fully growm animals lysine could be 
omitted from the diet without disturbing the nutritive balance. 
Thus they distinguished in the diet the factor of growth from that 
of maintenance. Lysine is purely a growth-factor. Experiments 
■with arginine indicated that it had a sinular function but as yet 
this has not been established experimentally. 

No satisfactorj’’ explanation for the dependence of growth upon 
either of these amino-acids has been advanced. It seems obvi- 
ous, however, that the body cannot sjmthesize these substances 
and must depend upon outside sources for them. Furthermore, 
there is a difference between a growing tissue and a fully developed 
one in its requirement for a given amino-acid, for the adult tissue 
contains some of this amino-acid; and the difference in requirement 
would seem to be quantitative. 

It is also instructive that certain tj’pes of germinating tissue 
are rich in hexone bases. Spermatozoa are made up largely of a 
protamine or a histone, combined with nucleic acid. On analysis 
protamine jdelds large amounts of diamino-acids, particularly 
arginine which may constitute as much as 80 per cent of the 

‘ Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1912, xii, 473: 
1912-13, xiii, 233; 1914, x\’ii, 325. 
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protein molecule. In germinating seeds, also, arginine and ly- 
sine occur in abundance, and even free. These facts have led me 
to examine the quantitative relationship between these amino- 
acids in rapidly growing tissue, namely, human malignant tumors. 
Of pertinent interest is the work of Miss Slye^ who showed in the 
case of a mouse tumor that heredity is an important factor. In 
other words the problem of cancer she believes is a problem of 
growth rather than of infection. 

Chemical analyses of tumor tissue are recorded but they are 
more or less incomplete. Up to the present, strange to saj’’, no 
one has made a quantitative determination pf the hexone bases 
in tumors. This is especially remarkable since we have reliable 
quantitative methods for estimating these amino-acids. 

Neuberg,® using the ester method of Emil Fischer in estimating 
certain mono-amino-acids, concluded that these were present in 
about the same proportion in cancer as in normal tissue. Bergell 
and Dorpinghaus^ using the same method in the study of caroi- 
noma and sarcoma considered that the proportions of alanine, 
glutamic acid, aspartic acid, and phenylalanine, were higher than 
in normal tissues; but the author of this method never claimed 
that it gave quantitative results. 

Selecting a group of three amino-acids, i.e., glycocoll, tyrosine, 
and glutamic acid, Abderhalden® concluded that the percentage 
of these in malignant tumors does not vary from normal. Bergell® 
using the N-distribution method of Hausmann, determined the 
total N of hexone bases in rat tumors, and concluded that this 
-nroc iucrcased. However, this method is grossly inaccu- 

conclusions cannot be drawn from such results. 

EXPERIMENTAL DATA. 

ial for this investigation was obtained through the 
of Drs. Rusk and Cooke of the Pathological Department 

M., Jour. Med. Research, 1915, xxxii, 159. 

erg, C., Arh. a. d. Path. Inst. z. Berlin, 1906, 593. 

ill, P., and Dorpinghaus, T., Deutsch. med. W chnschr ., 1905, xxxi, 

rhalden, E., and Kautzsch, K., Zlschr. f. physiol. Chem., 

ill, P., Zlschr. f. Krebsforsch., 1907, vi, 204. 
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of the University of California. The specimens were obtained 
from four to twelve hours after death. Immediately the material 
was dissected free from all extraneous tissue, weighed, examined, 
and prepared for analysis. The mass was ground fine through a 
meat chopper and treated repeatedlj' wth hot water to remo'v e 
non-protein nitrogen. The water extract was concentrated in 
vacuo to a small volume and the protein in solution precipitated by 
the addition of several volumes of alcohol. This precipitate was 
added to the main bulk of protein which had been thrown down 
by heat. The united material was placed on the water bath, 
heated to dryness, ground to powder, and extracted repeatedlj , 
in the cold, first with alcohol and later with ether. Then the 
dried material was weighed and found to represent from 16 to 18 
per cent of the original weight. These values are shown in 
Table I. The drj’ powder was used for analj-sis. 

Five cases were analyzed, as follows: (1) carcinoma of the lar- 
ynx; (2) metastatic mass in the liver from a primarj- carcinoma of 
the stomach; (3) Ijmphosarcoma; (4) endothelioma; and (5) 
a liver metastasis from a primary carcinoma of the ileum. Notes 
bearing on the histories of the cases, as well as the gross anatomical 
and microscopic diagnoses, are given below. 


TABLE 1. 


Ko 

'Diagnosis. 

Weight of fresh 

Weight of dr>* 

Percentage of dri* 

material . 

substaDce. 

sixlKtance. 



tfnt» 

pm. 


1 

■primary carcinoma 





of larynx . . 

126 

21 .5 

17.0 

2 

Metastasis to liver 





from primary car- ' 
cinoma of stomach 

1350 

230.5 

17.4 

3 

LjTnphosarcoma . . 

228 

38.0 

16.6 

4 

Endothelioma. . . . 

154 

28.0 

18 0 

5 

Liver metastasis 





from primary car- 
cinoma of ileum. . 

40S 

67 0 

16.4 


Case t . — Carcinoma of the larynx. Duration of symptoms, 9 months. 
Anatomical diagnosis; Recurrent carcinoma of the larynx with metastases 
in regional Ijmph nodes and invasion of the pharjTix, palate, and esopha- 
gus. The growth in the neck on section was pale, showing areas of necrosis 
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and softening alternating with grey and cellular tissue. The regional lymph 
nodes showed replacement of the greater part of their substance by tumor 
tissue having a tendency to early central degeneration and softening. 

Microscopic examination: Tumor is made up of branching strands of 
atypical cells evidently of epithelial origin. There are no typical “pearls.” 
Mitotic figures and giant cells are common. Average sections consist of 
^ about three-fifths well preserved tumor cells and two-fifths loose edema- 
tous stroma containing various wandering cells. 

Case 2 . — Primary carcinoma of the stomach, with metastasis to the 
liver. Duration, 4 months. Anatomical diagnosis: Metastases were found 
in the liver, mesentery, omentum, diaphragm, and right lung. The liver, 
weight, 3950 gm., was almost all replaced by greyish white metastases 
which varied in size from a few mm. in diameter to 10 to 15 cm. The larger 
riiasses showed central broken down, semi-liquid material. The moderate 
sized ones showed slight necrosis. The smaller ones showed no gross evi- 
dence of degeneration. 

Microscopic examination: The growth consisted of a typical carci- 
noma simplex with only a slight amount of necrosis in the smaller nodules. 
Mitotic figures are found but are not especially common. Tumor nodules 
consist of about two-thirds well preserved tumor cells and one-third stroma 
and other cells. 

Case S . — Sarcoma of the right kidney'. Duration of symptoms, 4 months. 
Anatomical diagnosis: Metastases found in retro-peritoneal and medias- 
tinal lymph nodes and liver. Lobar pneumonia, acute peritonitis. Right 
kidney, which was the seat of the tumor, showed in the upper half an ex- 
tensive tumor growth. On the surface were central isolated and confluent 
opaque grey areas which are surrounded by' grey and rather translucent 
tissue. The entire upper half of the kidney' is infiltrated by a firm grey 
tumor which has involved the cortex more or less completely and much of 
the medulla. 

On section, the tumor shows a pale grey translucent tissue with numer- 
ous larger and smaller opaque greyish y'ellow necroses. Retro-peritoneal 
lymph nodes are enlarged and matted together, from 1 to 4 cm. in diameter. 
On section pale grey areas of necrosis are seen. Lymph nodes along the 
aorta in the posterior mediastinum show similar metastases. 

Microscopic examination: There are irregular areas of degeneration 
and necrosis around which are seen growing tumor cells. These cells arc 
somewhat elongated and hexagonal, and have a considerable amount of 
pink-staining protoplasm. Cells appear singly or in small nests and arc 
separated by fibrous stroma. They' are invading the surrounding tissue. 
Occasional mitotic figures are found. The picture suggests a sarcoma 
rather than a hypernephroma. The analysis was made from gland metas- 
tases and such glands show about two-thirds of the section to be well pre- 
served large plump cells. The other third consists of lymph strands and 
stroma. 

Case 4- — Endothelioma of the kidney. Anatomical diagnosis: Speci- 
men consists of kidney about four times the normal volume removed at 
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operation. Superficially it is for the most part irregularly lobulated with 
low projections held heneath the tense capsule. The surface is pale and 
smooth except at one pole where there is a nodular mass covering an area 
about 3 X 5 cm. as if the tumor was projecting through the capsule. 

These nodules vary from ochre yellow to brown with spots suggesting 
hemorrhage. Trom the pelvis a nodular cream-colored mass projects. 
On section of the mass the tumor tissue appears as a uniform soft white 
somewhat edematous growth. There ate few vessels and connective tissue 
septa. The invaded kidney is in great part replaced by tumor tissue except 
a pale marginal zone of cortex in which it is almost impossible to make out 
the markings. 

Microscopic examination; Shows the growth to be composed of large 
cells arranged in columns and circular masses with a delicate stroma for 
the most part, but also with broad tense connective tissue bands in places. 
In the stroma are thin-walled capillaries. The tumor cells show small 
rather deeply stained nuclei, a large vacuolated inner protoplasmic zone, 
and a thin line of cytoplasm at the periphery. Sections stained with 
Scharlach K show the presence of large amounts of fat. Tumor sections 
show approximately four-fifths well preserved tumor cells. The rest is 
made up of stroma and other cells. 

Case S . — ^Primary adeno-carcinoma of the ileum with metastasis to the 
liver. Duration of symptoms, 3 weeks. Anatomical diagnosis; Adeno- 
carcinoma of the ileum with perforation. Metastatic growths in the 
liver along the bronchial, mesentery, and retro-peritoneal lymph nodes. 
Primary tumor was situated in the lower ileum. Its center had become 
necrotic and the bowel wall had perforated, leading to general peritonitis. 
The liver from which the material was taken weighed 3140 gm. and showed 
numerous pearl-grey metastatic nodules from 0.3 to 4 cm. in diameter. 
The larger nodules showed considerable central necrosis. 

Microscopic examination: The picture is typical of a verj- rapidly grow- 
ing undifferentiated cancer. The glandular arrangement is not in evi- 
dence in the metastatic nodules. Stroma is inconspicuous and the tumor 
cells make up about nine-tenths of the bulk of the nodules in the liver. 
The amount of hyaline necrosis in the tumor nodules cannot be estimated 
but the nuclear shadows can still be made out and there is little evidence 
of autolysis. 


Determination of the Hexone Bases. 

The method of Kossel and Kutscher’^ for the determination of 
the hexone bases has been modified by Osborne, Leavenworth, 

J Kossel, A., and Kutscher, F., Zlschr. f. physiol. Chem., 1900-01, xxxi, 
IGo. Kossel, A., and Pringle, H., ibid., 1906, xlix, 318. 
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and Brautlecht,® also by Steudel,® and by Van SIyke.^° In this 
work all these modifications were employed and the method fol- 
lowed was essentially that used by Van Slyke in his analysis of 
casein. The material was hydrolyzed with ten volumes of 20 
per cent hydrochloric acid for a period of thirty-two to thirty- 
eight hours. The progress of the hydrolysis was followed until 
complete by determinations of the amino nitrogen with the Van 
Slyke apparatus. Lysine was isolated as the picrate, weighed, 
and its purity controlled by analysis of the amino nitrogen. 
Arginine and histidine were isolated as picrolonates according to 
the method of Steudel, and purity was controlled by melting point 
and analysis of the nitrogen. In all cases the values for the bases 
were calculated from the salts and not from the determination of 
the nitrogen in solution. The analytical data are given in Table 
II. 

The results showm in the table indicate that in the malignant 
tumors studied the amount of hexone bases was fairly uniform. 
The arginine N expressed in per cent of the total nitrogen was 
between 11.63 and 13.65, an average of 12.42 per cent. The 
highest figures found, 12.8 and 13.65, wore in Cases 2 and 5. 
These were liver metastases and consisted almost exclusively of 
carcinoma cells. In the other cases beside the tumor cells more or 
less connective tissue stroma was present. In Cases 3 and 4 
approximately a third to a fifth of the tumor mass consisted of 
connective tissue. 

The histidine N represents 3.88 to 5.58 per cent or an average 
of 4.86 per cent of the total N. The lysine N represents 9.89 to 
12.65 per cent, an average of 11.23 per cent of the total N. It is 
noteworthy that if one of the members of this group is increased, 
the other two also are relatively more abundant. Perhaps these 
three substances are bound in some way as a unit in the protein 
molecule. The work of Wakeman“ also favors this view. 

The interpretation of the results of these analyses is facilitated 
by reference to similar analyses of normal tissues. Unfortu- 

® Osborne, T. B., Leavenworth, C. S., and Brautlecht, C. A., Am. Jour. 
Physiol., 1908-09, xxiii, 183. 

® Steudel, H., Ztschr. f. physiol. Chem., 1902-03, x.xxvii, 219; 1905, xliv, 

157 . 

Van Slyke, D. D., Jour. Biol. Chem., 1913-14, xvi, 535. 

u Wakeman, A. J., ibid., 1908, iv, 119. 
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nately, however, few are at hand. A series of analyses of various 
organs including those of man was made by Wakeman who 
employed essentially the methods I have used. He found that 
the percentages of the hexone bases for a given tissue varj' 
but slightly in different animals and not greatly in different organs 
of the same animal. For comparison with my results I reproduce 
in Table III the figures obtained by Wakeman. 

In Table IV are given the percentages of the hexone bases in 
a few isolated proteins. 


TABLE III. 


Animal. 

Organ. 

Arginine N 
in percent- 
age of total 
N. 

Histidine N 
in percent- 
age of total 

N. 

Lysine N 
in percent- 
age of total 

N. 

Total base 
N in per- 
centage. 

*Adult man 

Normal liver 

6.88 

2.01 

6.60 

15.48 

*Adult man 

Normal liver 

5.61 

1.76 

5.54 

12.91 

*Dog 

Normal liver 

8.32 

2.31 

4.81 

15.44 

*Horse 

Normal liver 

5.72 

1.76 

5.64 

13.12 

*Dog 

Kidney 

4.19 

2.51 

6.05 

12.75 

**Dog 

Placenta at 
full term 

4.3 

0.30 

3.5 

8.1 

**Ox 

Muscle 

7.5 

1.8 

7.6 

16.9 

Average for somatic tissue 

6.07 

1.78 

5.68 

13.52 

Average for tumor 


12.42 

4.86 

11.23 

28.48 


* Wakeman. 

** Koelker and Siemens. 


TABLE IV.* 


Protein. 

Arginine. 

Histidine, j 

Lysine. 



pcf cent 

per cent 

per cent 

per cent 

** Egg albumin 

10.2 

2.7 

4.3 


** Gliadin (wheat). . . . 

6.7 

2.4 

? 


** Casein 

8.0 

4.0 

8.6 


** Lactalbumin (milk) 

6.2 

2.4 

9.2 

■9 


* These figures for nitrogen percentages are calculated from the amino- 
acid percentages by factors given by Van Slyke {Bcr, d. dculsch. chan. 
Gcsellsch., 1911, xliv, 1690). 


** Osborne and Mendel. 
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A comparison of the amounts of hexone bases in malignant 
tumors with the amounts in various normal adult tissues shows 
an increase in the former. Generally, the yields of arginine, 
lysine, and histidine obtained on hydrolysis of malignant tumors 
are over 100 per cent greater than those obtained on hydrolysis 
of normal somatic tissue. The quantities of these bases are also 
greater than those found in any isolated protein except the 
protamines and histones. 

Attempts to isolate or to obtain quahtative tests for histone and 
protamine, using the fresh tumor tissues, were unsuccessful. 

These results in conjunction with those of Osborne and Mendel 
may explain the action of lysine in promoting normal growth on 
the ground that this diamino-acid which cannot be synthesized 
in the body is an inherent requirement of the newly forming pro- 
tein and is embodied in the structures of the latter molecule. 
If this is true for lysine, it seems probable that further experiments 
with arginine and histidine will show these bases to have a similar 
role. 

It is pertinent that Sweet“ and Rous” have recently demon- 
strated that when white rats having carcinoma are fed on a diet 
deficient in the hexone bases the tendency to metastasize is dimin- 
ished. In some of their cases, however, the tumor grew as rapidly 
as ever, and in that event there was a correspondingly rapid 
emaciation of the body. This fact, it seems to me, may indicate 
that the somatic tissue was broken down to furnish these sub- 
stances to the rapidly growing tumor cells. 

Whether such high percentages of the hexone bases as we have 
found is a peculiarity of malignant tumors, or whether such an 
increase will be found in normal rapidly growing tissue is a prob- 
lem now under investigation in this laboratory. 

SUMilABY. 

In five cases of malignant tumor the quantity of hexone bases 
was approximate^ double that found in normal tissue. 

These results suggest a new approach to the study of the cancer 
problem, especially as it relates to metabolism. 

i' Corson-White, E.P., and Saxon, G.J., ibid., 1913, xv, 181. 

’ Rous, P., Bull. Johns Hopkins Hasp., 1915, sxvi, 146. 




A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF PHENOLS (AND PHENOL DERIVATIVES) 

IN URINE. 

Bt otto FOLIN and W. DENIS. 

(From the Biochemical Laboratories of the Harvard Medical School and 
of the Massachvsctls General Hospital, Boston.) 

(Received for publication, July 26, 1915.) 

Since the appearance in 1882 of the pioneer researches of Bau- 
mann on the urinarj' phenols, 'a large number of investigations 
has been made on this subject. The method used for the quanti- 
tative determinations of these bodies has been almost invariably 
the iodometric titration variously modified and improved by 
Kossler and Penny,* by Neuberg,- Mooser,* and by Hensel.'' At 
best the iodometric method has many disadvantages, being ex- 
tremely time' consuming and requiring the use of a comparatively 
large amount (500 cc.) of urine. Further, as null be shorni be- 
low, if the directions given bj' the various investigators who have 
worked on the technique of this method be followed a considera- 
ble portion of the phenol contained in the urine maj' be lost. 

The first step in the determination of phenols according to the 
methods of Kossler and Penny", Neuberg, Mooser, etc., consists 
in evaporating the faintly alkaline urine on a water bath to about 
one-fifth of its original volume. We have found that during this 
evaporation a considerable proportion of the phenol is oxidized, 
thus producing results much below the truth. 

Experiments Showing the Loss of Phenol Tl'Acn Heated in Alkaline So(u£ions. 

1. 25 cc. of phenol solution required IG.SO cc. iodine when titrated 
according to the iodometric method. 

25 cc. of the above phenol solution were treated with 0.5 cc. of 10 per 
cent sodium carbonate and 100 cc. of wafer, after evaporation for one 

> Kossler, A., and Penny, E., Ztsehr.f. physiol. Chem., 1S93, .xvii. 139. 

- Neuberg, C., ibid., 1899, xwii, 123. 

* Mooser, tv., ibid., 1909, Ixiii, 176. 

' Hensel, M., ibid., 1912, l.wiii, 373. 
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hour on the steam bath during which time it was reduced to a volume of 
50 cc. It was found on titration to require only 16.00 cc. ^ iodine. 

2. 25 cc. of the same phenol solution when treated like the above except 
that one drop of 10 per cent sodium hydrate was used instead of sodium 
carbonate, required when titrated onlj-^ 6.00 cc. iodine. 

3. 25 cc. of a solution of paracrcsol required on titration 14.00 cc. oftj 
iodine. 

25 cc. of the same solution when evaporated on the steam bath for one 
hour after the addition of one drop of 10 per cent NaOH and 100 cc. of 
water required 4.00 cc. of ^ iodine. 

Besides the uncertainty attending the preliminar 3 '- evaporation 
in alkaline solution, the subsequent removal of the phenols from 
the urine by distillation with mineral acid, and the redistillation 
necessary to separate the phenols from acetone, formic acid, and 
other substances capable of reacting with iodine, make determi- 
nation of phenols in urine a formidable task. By the use of the 
phosphotungstic phosphomolybdic reagent described by us^ 
some three years ago we are now able to make a colorimetric 
phenol determination in urine in ten to fifteen minutes and with 
the use of not more than 10 or 15 cc. of ordinary urine. 

Our method is as follows: 10 cc. of ordinary, or 20 of very 
dilute, urine are placed in a 50 cc. volumetric flask. To this is 
added an acid silver lactate solution® (from 2 to 20 cc.) until no 
more precipitate is obtained. A few drops of colloidal iron arc 
then added, the flask is shaken, filled to the mark with distilled 
water, shaken again, and its contents are filtered. B}'- means 
of this precipitation uric acid and traces of proteins, both of which 
also give a blue color with our reagent, are quantitatively removed. 
We have convinced ourselves by numerous experiments on a 
variety of phenols that these substances are not precipitated by 
the above procedure and may be quantitatively recovered in the 
filtrate. 25 cc. of the filtrate are transferred to a 50 cc. volu- 
metric flask, and to it is added a sufficient quantity of saturated 
sodium chloride solution containing 10 cc. of strong hydrochloric 
acid per liter to precipitate all the silver. The flask is then filled 
to the mark and the contents are filtered. 

® Folin, 0., and Denis, W., Jour. Biol. Chem., 1012, .xii, 239. 

* Tliis solution consists of a 3 per cent silver lactate solution in 3 per 
cent lactic acid. 
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To determine “free” (non-conjugated) phenols 20 cc. of this 
filtrate are placed in a 50 cc. flask and treated with 5 cc. of the 
phosphotungstic phosphomolybdic acid reagent^ and 15 cc. of 
saturated sodium carbonate solution. After diluting to volume 
with lukewarm water (30-35°C.) and allowing to stand for 
twenty minutes the deep blue solution is read in a Duboscq color- 
imeter against a standard solution of phenol. 

To determine total (free and conjugated) phenols 20 cc. of the 
same filtrate are transferred to a large test-tube; to this are added 
ten drops of concentrated h}'drochloric acid, and the test-tube is 
covered with a small funnel. This mi.vtnre is heated rapidly to 
boiling over a free flame and is then placed in a boiling water 
bath (we usually use for this a tall beaker) for ten minutes. At 
the end of this time the tube is removed, cooled, and the contents 
are transferred to a 100 cc. volumetric flask. 10 cc. of the phos- 
photungstic phosphomolybdic reagent and 25 cc. of saturated 
sodium carbonate solution are now added, and after making up 
to volume and shaking, the solution is read (after twenty' minutes) 
against a standard solution of phenol. As a standard we use a 
solution of pure phenol in tvs HCl containing 1 mg. of the former 
substance in 10 cc. 5 cc. of this solution (equivalent to 0.5 mg. of 
phenol) when 10 cc. of saturated sodium carbonate solution 
are added and the whole is made up with water at about 30°C. 
to a volume of 100 cc., give, when set in the colorimeter at 20 mm., 
a convenient standard. As phenol is an exceedingty hygroscopic 
substance it is necessaiy to standardize the solution by means of 
the iodometric titration. 

carried out as follows: Make a phenol solution in -n- 
Cl containing 1 mg. of crystallized phenol per cc. Transfer 25 cc. of the 
^ add 50 cc. ^ sodic hydrate, heat to OS^C., 

a 2o cc. iodine solution, stopper the flask, and let stand at room tem- 
perature thirty to forty minutes. .-Idd 5 cc. of concentrated hydrochloric 


nf reagent is prepared b 3 - boiling together for two hours 100 gm. 
nrr,^? ^'^Estate, 20 gm. of phosphomolybdic acid (or an equivalent 
of L ^ ** ®o ybdic acid), 50 cc. of 85 per cent phosphoric acid, and 75 cc. 

vnli.m period of heating, cool, make up with water to a 
' olume of 1 liter, and filter if necessary. 
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acid and titrate excess of iodine with sodium thiosulphate solution.® ] cc. 
of iodine solution corresponds to 1.567 mg. of phenol. On the basis of 
the results dilute the phenol solution so that 10 cc. contain 1 mg. of phenol. 

The above method as described is not directly applicable to 
the determination of phenols in blood, tissues, or feces. A 
modification suitable for work on this class of material will be 
published shortly. 

® Because of the red precipitate in the solution it is rather difficult to 
see the end-point of the titration. For those who have not had much 
experience it may be advisable to dilute the solution to a definite volume 
(after adding the hydrochloric acid), then to filter, and to titrate a portion 
of the filtrate as recommended by Sutton; with a little practise, however, 
the titration can be made without this procedure and we prefer not to use 
it. 



THE EXCRETION OF FREE AND CONJUGATED PHENOLS 
AND PHENOL DERIVATIVES. 

Bt otto FOLIN and W. DENIS. 

{From the Biochemical Laboratories of the Massachusetts General Hospital 
and of the Harvard Medical School, Boston.) 

(Received for publication, July 26, 1915.) 

■The formation and significance of phenol and phenol deriva- 
tives in the animal metabolism was formerly a very important 
subject of biochemical investigation. The papers by Bamnann 
in this field are still models of successful research as well as df 
simple and clear exposition.' At that time and in fact up till a 
short time ago carbolic acid was extensively used as an antiseptic 
by surgeons; and the dark colored "carbolic acid urines” were 
accordingly constantly available and constituted abundant evi- 
dence of the fact that externally applied phenol is absorbed. Simi- 
lar urines were obtained when laboratory' animals were poisoned 
by means of external applications of phenol. The absorbed phe- 
nol -svas at first supposed to be excreted with the urine either as 
alkaline salts (phenolates) or as free carbolic acid, but it was 
later shown in Hoppe-Seyler’s laboratory that, although traces of 
phenolates or free phenol might at times occur, such traces were 
insignificant compared with the amounts of phenol present in the 
form of some combination which yielded free phenols only on 
hydroh'sis uith mineral acids. 

Clinical or experimental "carbolic acid urines” were by no 
means the only urines which yielded a positive phenol reaction 
when distilled with mineral acids. In fact all urines gave more 
or less phenol though the urines of herbivorous animals were par- 
ticularly conspicuous in this respect. 

Baumaan s work on the phenols was a development of his previous 
researches on the sulphates in urine. He had found that after the sul- 

' See particularly one of his papers, Baumann, B., Arch. f. Physiol., 
1S76. xiii, 2S.>. 
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phates in ui-ine liad been precipitated with barium chloride in the presence 
of acetic acid a second crop of barium sulphate was obtained on boiling the 
filtrates with hydrochloric acid. Baumann seems at once to have appre- 
ciated the possible significance of the fact that phenol and sulphuric acid 
were produced in urines under the same conditions although at that time 
(1876) the phenol sulphuric ester which he had in mind was a purely hypo- 
thetical product which had not yet been prepared. By analj'ses of dif- 
ferent kinds of urine he soon found that quantitatively the sulphuric acid 
and the phenol liberated by treatment with mineral acids varied together 
and seemed to go hand in hand. The urines of horses and cattle which 
had previously been shown to be rich in phenols were also extraordinarily 
rich in organic or "conjugated” sulphates. 

The indirect evidence thus obtained was soon followed by the isolation 
of the hypothetical phenol sulphuric acid compound. The product as it 
occurred in evaporated urine residues was soluble in dilute alcohol yet 
almost insoluble in absolute alcohol and on the basis of this fact Baumann 
by a series of extractions and fractional precipitations succeeded in obtain- 
ing from horse urine a potassium salt which could be split by hydrolysis 
into phenol and sulphuric acid and which by analysis was shown to be a 
salt of the stipulated phenol sulphuric ester CeHsO-SOjOH. Some time 
later Baumann prepared the product synthetically and thus positively 
proved its identity.^ He isolated the same product from clinical and ex- 
perimental "carbolic acid urines” and found that in such urines practi- 
cally all the sulphates existed in the form of ethereal sulphates identical 
with or analogous to his phenol sulphuric ester. 

In attempting to determine the location. of the condensation process 
involved in the formation of phenol esters Baumann found that the conju- 
gation took place with very great rapidity; w'ithin an hour after intra- 
venous injections of phenols the free phenols disappeared from the system 
and were replaced by conjugated phenols. Since this rapid condensation 
occurred without the simultaneous treatment with sulphates it was a 
priori highly improbable that sulphates or the sulphuric acid formed in 
the metabolism could account for the rapid disappearance of the free 
phenols. In the liver, for example, Baumann found only extremely minute 
quantities of conjugated sulphates together with extraordinarily large 
amounts of conjugated phenols. He thus came on the track of another 
substance besides sulphuric acid xvhich is capable of giving ester combina- 
tions wdth phenol. The other substance was of course glucoronic acid- 
With regard to this substance Baumann assumed, and the assumption was 
long regarded as correct, that normally it plays a secondary' role; because 
normally the sulphuric acid and sulphates are present in excess, and be- 
cause the phenols, as he beliex'ed, combine first of all with sulphuric acid, 
so that condensations w'ith the glucoronic acid should occur only after the 
supply of sulphates had been exhausted. This view turned out to be 


* Baumann, Zlschr.f. physiol. Chcin., 1S78-79, ii, 337. 
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incorrect, as vras later shown by Neuberg, Salkowski, and others.’ They 
were able to isolate glucoronic esters from urines containing an abundance 
of inorganic sulphates. 

The origin of the phenol thus found in urine was at first more a matter 
of speculation than of actual knowledge. The fact that the urine of 
herbivorous animals contained so much more phenol than did the urines of 
dogs or of man suggested that the mother substances were derived from 
plant food and the presence in such materials of tannins pointed to these 
as the probable precursors. It was soon found, however, that in man the 
phenol excretion was not increased by vegetable food, but rather by food 
rich in proteins; and since all the common food proteins contain consider- 
able tyrosine, this substance soon came to be looked upon as a precursor 
of at least a part of the phenol. Through the investigations of Brieger 
it was shown that phenol, as well as indol, is indeed formed in ordinary 
putrefaction of protein materials; and Brieger^ found that the intestinal 
contents, and more specifically the contents of the large intestine, con- 
tained phenol. These observations, which were later verified and extended 
by Baumann and by Baumann and Brieger working together,* furnished 
satisfactory explanation as to the origin of the phenol found in the urine. 
The greater amounts of phenols found in the horse and the cow are prob- 
ably not due to any specific precursors present in the food of these animals 
but to the fact that their intestinal tract is very long and their food com- 
paratively indigestible, so that the phenol-forming bacteria exert a rela- 
tively greater destruction of the food material. Weyl,* one of Baumann's 
pupils, then succeeded in showing that putrefactive bacteria under condi- 
tions prevailing in the intestine, i.e., in the absence of oxygen, produce 
large quantities of phenols from tyrosine. By feeding experiments with 
tyrosine it was found that the urinary phenols were increased (Brieger). 
By means of vigorous cathartics the phenols could be made to practically 
disappear from the urine, and, on the other hand, it was foimd that in cases 
of severe constipation or intestinal obstruction, whether clinical or experi- 
mental, the phenol excretion was much increased. In its broader outlines 
the history of the urinary phenol was thus cleared up in a relatively short 
time. 

The whole subject was, however, by no means exhausted. Ordinary 
phenol represents but a small fraction of the total phenol products found 
in the urine. 

The most important phenol quantitatively is in fact paracresol. In 
addition there is in urine some orthocresol and at least two dioxyl 


’ Mayer,P.,and Neuberg, 1900, xxix, 256. Salkowski, E.,i6td.. 

1901, xhi, 224. ’ ’ ' 

' Brieger, L., ibid., 1878-79, ii, 241. 

» Baumann and Brieger, ibid., 1882-83, vii, 274. Baumann, ibid., 1882- 
83, \ui, 282. ’ ’ 

‘Wcyl, T., ibid., 1879, iii, 312. 
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benzenes, namely pyrocatechin and hj’^droquinone, as well as some aro- 
matic 0 X 3 ' acids, particularly paraox 3 'benzoic acid. 

The origin and occurrence of these products is, however, substantially 
the same as that of phenol. Wejd found more paracresol than phenol 
among the decomposition products of ty'rosine. Baumann and Preusse' 
found that paracresol when fed to dogs is in part excreted as paracresol 
(ester) and in part is oxidized to paraoxybenzoic acid. Paraoxybenzoic 
acid, on the other hand, when fed to dogs or when acted on by putrefactive 
bacteria, tost carbonic acid and thus gave rise to phenol.® Phenol, p.ara- 
orcsol, and paraoxybenzoic acid were thus definitely shown to be derived 
from tyrosine, a normal protein constituent. 

OH C6H< CH: CHNH. COOH, tyrosine 

i 

OH C 6 H 4 CH 2 COOH, p-o.xy'phenyl acetic acid 

OH CeHi CHs, p-cresol + COo 

i 

OH Ce H 4 COOH, p-ox 3 'benzoic acid ‘ 

i 

OH Cf Hi, phenol -f CO. 

Of the dioxybenzcnes pyrocatechin is more abundant than is the hydro- 
quinone; the e.vistence of the latter in normal urine is in fact rather doubt- 
ful. After feeding phenol or benzene both diphenols have been obtained 
in quantities adequate for definite identification. Thus from feeding 100 
gm of benzene to a dog in the course of eight days Baumann obtained 
0i56 gm, of pure hydroquinone. 

The oxidation of benzene to phenol and to dioxybenzenes is from a bio- 
chemical standpoint very interesting as a definite illustration of the vigor- 
ous o.xidations which can and do occur in the animal body. As. a matter 
of fact the oxidation of benzene does not result wholly in such phenols. 
A large part, probably the larger part, of the benzene is oxidized to the 
straight chain compound muconic acid. This fact escaped Baumann alto- 
gether and was not discovered until a few years ago (1909) by Jaffd. 

The oxidation of benzene to phenol and dioxj'benzenes is in a 
sense different from tJie way the phenols originate from tyrosine 
in the intestinal tract. The latter is due to bacterial decomposi- 
tion, the former to oxidations in the body tissues. Such oxida- 
tions doubtless play some role in the ordinary formations of phe- 
nol derivatives as for example in the formation of oxybenzoic acid 

from cresol or in tlie production of the dioxybenzenes from phenol. 

■ Baumann, E., and Preusse, C., ibid., 1S79, iii, 156. Preusse, thtd., 
ISSl, V, 5S. 

® Baumann, E., and Herter, E., ibid., 1S77-7S, i, 261. 
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The formation of phenol esters in the animal organism repre- 
sents a most interesting illustration of the development of pro- 
tective mechanisms by virtue of which poisonous or deleterious 
substances are converted into harmless compounds. Any such 
protective mechanism may or may not furnish completely ade- 
quate protection to the organism. In general biologists are in- 
clined to assume that the protective processes are adequate, while 
clinicians are constant^ considering established or possible de- 
ficiencies and generally believe in “auto-intoxications” as an im- 
portant feature in the etiologj' of diseases. In respect of the 
phenols it has been tacitly assumed on the basis of Baumann’s 
brilliant results that their condensation into harmless products is 
quantitative, and since Baumann’s time this phase of the prob- 
lem has received ver}' little attention. 

Our chief purpose in this paper is to show that the extent to 
which the phenols are conjugated into harmless compounds in 
the body must still be regarded as a distinctly open question. 

We first encountered the phenols both in urine and in blood as 
the substances which interfere with the direct determination of 
uric acid by the colorimetric method. Since the conjugation of 
the phenols with sulphuric (or glucoronic) acid yields products in 
which the free hydroxyl group responsible for the color reaction 
with our phenol or uric acid reagent disappears, the results ob- 
tained certainly indicated that both in urine and in blood there 
are notable quantities of free phenol groups. Exactly how much 
of such materials is present, as well as their relation to the total 
phenol products, could not be determined until we had procured 
the necessarj' analji;ical technique. This technique as we have 
used it in the present investigation is described in the preceding 
paper. 

As an interesting and possibly con\-incing proof that the phe- 
nols formed within the body are in fact eliminated as free phenols, 
we would cite our analj-tical figures (Table I) obtained from a 
leukemia patient who was treated with small quantities of ben- 
zene. From the very first day of the benzene treatment to the 
end of the ten day experiment there was an unmistakable increase 
in the elimination of the free as well as of the conjugated phenols. 
Indeed toward the end of the benzene treatment, as before this 
treatment was begun, the free phenols predominated. The diet 
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was qualitatively the same throughout the experiment and con- 
sisted of bread and butter, milk, and eggs. The total nitrogen 
figures are cited to show that the diet is not responsible for the 
variations in the phenol excretion. 

The reason why Ave attach considerable weight to the free phe- 
nol figures recorded in Table I lies in the fact that benzene is 
known to yield phenols and cannot yield aromatic oxy acids when 
oxidized within the body. This is important because in our 
present scheme of colorimetric phenol determination we determine 
the total and the total free phenol products Avithout attempting 

TABLE I. 


Free and Conjugated Phenols Produced from Benzene* 


Yolumo 
ot urine. 

Total N. 

Phenols. 

Amount of 
benzene given 
in 24 hrs. 

Total . 

Free. 

Conjugated. 

■31 

gm. 

gm. 

pci cent 

per cent 

gm. 

mBm 

11.8 

0.30 

56 

44 

0 

WBm 

12.6 

0.31 

55 

45 

0 


13.0 

0.53 

31 

69 

1 

WBm 

12.7 

0.55 

46 


1 

BH 

10.9 

0.75 

42 

58 

1 

BH 

11.3 

0.40 

68 

32 

1 


10.9 

0.78 

60 

40 


Bl 

10.8 

0.77 

40 

60 


BB 

9.2 

0.83 

55 

1 45 


n 

12.7 

1 

0.87 

1 

57 

43 



*The subject of this e.xperiment, an early case of myelogenous leukemia, 
was a man 44 years old, Aveighing 56 kg.- 


to distinguish betAveen the true phenols and the phenol acids. 
The latter seem to take comparatively small part in the conjuga- 
tion processes and have long been knoAvn to occur chiefly in free 
form (or as salts) in the urine. 

Without reference to their pharmacological action the phenol acids, 
like the phenols proper, whether free or combined, are primarily products 
of intestinal putrefaction. As an index or measure of such putrefaction 
the phenol products determined by our scheme of analysis may fairly be 
considered at least as important as the indican determinations n’hich here- 
tofore have been used almost exclusively as measures of the intestinal 
putrefaction. The indican is derived from the tryptophane group of the 












315 


0. Folin and W. Denis 

decomposed protein-the phenols, as already referred to. come from the 
tyrosine group. Very little is knowm concerning the tryptophane con- 
tents of different protein materials, but there is no reason for believing that 
the tiyptophane and the tyrosine content of proteins go hand in hand. 
Nor can rve assume that the putrefactive bacteria attack these two amino- 

T.\BI£ II. 


Phenol Excretion on High Protein Diets. 


No. 

■ 

Volume 



Phenols. 


Indican. 

Diagnosis and 
remarks. 

of 

urine. 

N. 

Free. 

Total. 

Free. 

Conju- 

gated. 


ce. 

gm. 

gm. 

gm. \ 

per cent \ 

per cent 



161 

2500 

31.2 

0.33 

0.43 

77 

23 

0 

Typhoid, 6th 

week. 

93 

1100 

22. 

0.30 

0.36 

83 

17 


Chorea, convales- 
cent. 

83 

1560 

20. 

0.23 

0.45 

51 

49 

Trace 

Pleurisy, conva- 
lescent. 

84 

1540 

19.8 

0.23 

0.38 

61 

39 

0 

Pleurisy, conva- 
lescent. 

Vt 

1940 

19.4 

0.35 

0.56 

62 

38 


Pernicious ane- 
mia. 

177 

2440 

1 19.5 

0.24 

i 0.39 

62 

38 

1 


Pneumonia, tem- 
perature 103°. 

96 

1140 

18.2 

0.35 

0.64 

55 1 

45 


Chronic infec- 
tious arthritis. 

209 

2000 

16.8 

0.28 

0.40 

70 

30 


Pneumonia, just 
after crisis. 

204 

1060 

16.6 

0.17 

0.35 

48 

52 


Pneumonia, tem- 
perature 103°. 

181-J 

! 1690 

16.2 

0.28 

0.49 

57 

43 


Pneumonia, con- 
valescent. 

172 

1820 

16.0 

0.25 

0.42 

59 

41 


Pernicious ane- 
mia. 

37 

1100 

16.0 

0.25 

0.39 

61 

39 

Trace 

Syphilis, gumma 
of liver. 

174 

1120 

15.7 

0.22 

0.29 

75 

25 


Pneumonia, tem- 
perature 104°. 

19 

2400 

15.3 

0.42 

0.66 

63 

37 

Trace 

Arthritis, endo- 
carditis. 


acids in any very definite proportion. As measures of intestinal putre- 
faction indican and the phenol products found in urine therefore do not 
necessarily vary together. That they do not do so was shown by Baumann. 
IVc have made a number of indican determinations (by the method of Myers 
and Fine) and we have reached the same conclusion (see tables). 
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Since our method of determining the phenols in urine does 
not involve a preliminary (necessarily imperfect) separation by 
extraction or distillation as has been the case in all the methods 
hitherto available it was to be expected that the figures obtained 
by our procedure would be higher than the phenol figures recorded 
in the literature. In point of facts our phenol figures are so dif- 

TABLE III. 


Phenol Excretion on Low Protein Diets. 


No. 

Volume 

of 

urine. 

Total 


Phenols. 

Indican. 

Diagnosis and 

N. 

Total- 

Free. 

Conju- 

gated. 

remarks. 

i 

7S 

cc. 

1160 

dm. 

4.0 

gm. 

0.34 

per cent 

87 

per cent 

13 


Pleurisj', convales- 

7 

200 

4.4 

0.14 

69 

31 

Trace 

cent. 

Carcinoma of stom- 

91 

900 

4.5 

0.16 

70 

30 

M 

ach. 

Chorea. 

17 

600 

5.0 

0.36 

61 

39 


Gastric ulcer. 

2 

1200 

5.1 

0.20 

72 

28 

B|9 

Gastric ulcer. 

163 

460 

5.1 

0,16 

71 

29 

1 

Chronic infectious 

77 

1290 

5.7 

0.34 

87 

13 

j 

arthritis. 

Pleurisy, convales- 

179 

850 

5.9 

0.29 

62 

38 


cent. 

Cirrhosis of liver. 

181-2 

' 1320 

6.2 

0.25 

64 

36 


Pneumonia, conva- 

190 

1160 

6,6 

0.14 

63 

37 

0 

lescent. 

Pneumonia, conva- 

So 

1 

1900 

6.7 

0.26 

66 

1 

34 

0 

lescent. 

Pleurisj', convales- 

164 

580 

j 

6.9 

j 

0.31 

1 

1 

58 

42 


cent. 

Chronic infectious 

4 

! 800 

7.1 

0.22 

61 

39 

0.1 

arthritis. 

Renal calculus. 

21 

1000 

wa 

0.23 

70 

30 

0 

Pleurisy. 

197 

1100 

mrmm 

0.24 

63 

37 

0 

Arthritis. 

40 

520 

7.6 

0.21 

74 

26 

0.29 

Cardiorenal disease. 


ferent that it is hardly worth while to institute any comparisons. 
Moreover, since we in the course of the past year have made prob- 
ably a larger number of phenol determinations (several hundred) 
than all the determinations previously recorded in the literature, 
we feel justified in simply classifying and recording a representa- 
tive proportion of our own results. 
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Tables II and III contain results obtained on high and low pro- 
tein diets respective!}'. The subjects investigated were all pa- 
tients in the Massachusetts Genera! Hospital. No attempt has 
been made to classify the subjects according to the nature of the 
diseases for which they were treated at the Hospital. Our (un- 
recorded) results cover very nearly every kind of clinical material 
occurring with any degree of frequency in a general hospital, but 
no e\ddence was obtained tending to show the existence of any- 
thing approaching a specifically abnormal production of phenols 
in cormection with any one disease. 

Our results obtained from adult hospital patients including the 
figures recorded in Tables II and III are somewhat vitiated by 
one rather serious defect. Because of the vigilance with which 
the bowels are kept open by means of enemata and cathartics in 
hospital patients the formation and excretion of phenols is doubt- 
less reduced to an incalculable extent. The recorded figures do 
show nevertheless that the phenol excretion tends on the whole 
to be much higher on protein-rich diets and to fall on diets con- 
taining small amounts of protein. The differences would doubt- 
less have been more striking except for the condition referred to 
above. 

Concrete examples of the effect of the protein intake on the 
level of the phenol excretion are shown in the figures cited below. 


Effect of Protein Feeding on the Phenol Excretion. 


Total N. 

Total Phenols, 

gm. 

gm. 

7.6 

0.32 

7.2 

0.25 

16.0 

0.48 

15.0 

0.49 

7.2 

0.20 

20.0 

0.45 

4.5 

0.46 

22.0 

0.35 


1 Mr. M. convalescing from pneu- 
j monia. 

I Mr. D. convalescing from pleurisy. 
I Jliss G. convalescing from chorea. 


^ 0.3 to 0.5 gram of “total phenols” in a twenty-four hour quan- 
tity of human ifrine seems large in comparison with the phenol 
figures heretofore recorded in the literature. That such figures 
are not indicative of an abnormal phenol formation is shown 
however, by the figures recorded below which were obtained from 
perfectly normal healthy subjects. 





rnenois 


Phenol Excretion in Normal Persons. 



Total 

N. 

Phenols 

Free 

Total 


gvi 

gtn 1 

gm 

Normal men 




1 

11 2 

0.29 

0 48 

2 

mSSM 

0 27 

■SH 

3 




Noimal -women 



■H 

1 

9.6 

0.22 


2 

11.1 

0 17 

BH 

Normal boy 11 years old 

7 5 

0.17 

BB 

Normal boy 7 years old 

5.4 

0.116 


Normal infant 3 months old 

1 3 

0.03 

0 05 


TABLE IV. 


Phenol Exaction in Hospital Children and Infants. 


No 

Volume 

of 

Total 

Phenols 

Diagnosis and romarlvs 

N. 




Conju- 

Bated 


unno 

Froo 

Total 

Free 


cc 

gtn 

gm 

om 

per 

cent 

per 

cent 


61 

S60 

1 3 

0 042 

0 043 

98 

2 

Malnutrition, 10 months 








old. 

63 

740 

1 8 

0 04 

0 04 

100 

0 

Malnutrition, 4 months 








old. 

64 

550 

1.6 

0 068 

0 068 

100 

0 

Malnutrition, 2 montlis 








old. 

Go 

610 

1 7 

0 031 

0 035 

89 


Malnutrition, 2 months 








old. 

69 

1150 

1 5 


0 052 

96 


Infectious diarrhea, 4 years 








old. 

71 

755 

1 5 

0 040 

0 042 

95 


Malnutrition, 6 months 








old. 

SO 

890 

4 3 

0 08 

0 09 

89 

11 

Still's disease, 10 years 








old. 

60 

600 

1 3 

0 03 

0 05 

70 

30 

Normal infant, 3 months 








old. 

66 

620 

2.9 

0 05 

0 06 

77 

23 

Rachitis, very early stage. 








10 months old. 

54 

850 

5 4 

0 15 

0.25 

60 

40 

Normal boy, 11 years old. 

90 

1140 


0 15 

0 28 

52 

48 

Chorea, 15 years old. 
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From infants and children we have obtained phenol figures 
which are remarkable when considered from the prevailing con- 
cept of the protective mechanism bj' means of which the phenols 
are supposed to be “detoxicated” by transformation into conju- 
gated compounds. From the figures given in Table FV’’ it will 
be seen that while some children show substantially the same 
ratio between the free and the conjugated phenols as we have 

T.VBLE V. 


Phenol Excretion in the Cat, Rahbit, Pig, Dog, Guinea Pxg, and Goat. 


Animal. 

24 hr. 
urine. 

Total 

N. 

Phenols. 

Food. 

Free. 

Total. 

B 

Conju- 

gate, 


ec. 

gm. 

ffm. 

gm. 

per cent 

per cent 


Cat 1 

150 

1.9 

0.012 

0.031 

39 

61 

Rice and cream. 

U 

so 

3.5 

EES 

0.042 

40 

60 

Lean beef. 

u 

122 

0.6 


0.058 

36 

64 


Cat 2 

130 

1.0 

B 

0.022 

59 

39 

Rice and cream. 

t( 

150 

1.1 


0.026 

54 

46 

tl tt tf 

It 

95 

4.5 


0.037 

62 

38 

Lean beef. 

Kabbit 1 

350 

3 4 


n 075 

73 

27 


It 

150 

4.3 

0.055 

0.062 

89 

11 

tt tt tt 

It 

440 

5.6 


0.077 

74 

26 

tt tt tt 

u O 

330 

3.9 


KmTo) 

65 

35 

tt tt tt 

Pig 1 

3490 

2.3 

HBil 

0.24 

42 

58 

Starch. 

tl 

2850 

lR.fi 


0 


94 


t( 0 

1700 

2.2 


0.17 

60 

40 

Starch. 


20S0 

11.6 


0.58 

79 

21 

Wheat bran. 

Dog 1 

195 

1.9 



S3 

17 

Bread and milk. 

Guinea pig 1 . 

20 

0.37 


H 

58 

42 

Oats. 


20 

0.45 


latnuw 

65 

35 

it 

« 2. 

20 

0.45 


0.013 

61 

39 

It 


13 

0.33 


EE1£ 

66 

34 

tt 

Go.at 1 

250 

8.25 

0.346 

0.775 

44 

56 

tt 


found in adults, others, for one reason or another, reveal little or 
absolutelj- no conjugation, the whole of the phenols being excreted 
in free form (or as salts). 

The distribution of the phenols between the free and the con- 
jugated is virtually the same in the urine of other animals as in 
man, the free phenols representing from 30 to 90 per cent of the 
total. That this is so is shown by the phenol figures obtained 
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froiii cats, rabbits, guinea pigs, pigs, and a goat— reported in 
Table V. 

The variation in the total phenol excretion with variations in 
the level of the protein metabolism is most strikingly shown in 
the figures obtained from the pigs, though the same phenomenon 
is illustrated by the results obtained from the cats. 

SUMMARY. 

The excretion of total phenol products in the urine appears to 
be much greater than is indicated by the phenol figures hereto- 
fore recorded in the literature. 

The phenols are by no means quantitatively converted into 
conjugated phenols. The detoxication process involved in such 
conjugations appears therefore to furnish only a partial protec- 
tion against the toxic or deleterious effect of the phenol products 
formed by putrefaction in the intestinal canal. 

In any given individual man or animal, the total phenol excre- 
tion tends to vary directly but not proportionally with the pro- 
tein intake. 



SOME OBSERVATIONS ON THE SELECTIVE ACTIVITY 
OF THE HUMAN KTDNEY. 

By otto FOLIN asd W. DENIS. 

(From the Biochemical Laboralorics of the Massachuseils General Hospital 
and of the Harvard Medical School, Boston^ 

(Received for publication, August 4, 1915.) 

The kidney is manifestly an organ possessed of selective power 
in the sense that it excretes waste products and does not excrete 
(except in minute traces) materials which have food value. In 
the light of our present knowledge it seems probable that the 
kidney selection of the waste products may be subdivided into 
several more or less independent and more or less specific selec- 
tions of specific waste products. Such independent specificity 
on the part of the kidney is certainly suggested by the specific 
functional deteriorations which are known to occur, as for ex- 
ample, the “salt retention” and the “nitrogen retention” types 
of nephritis and the uric acid retention characteristic of gout. 

The occurrence of such retentions has been shown chiefly by 
means of blood analysis, for so far ordinary urine analysis has 
failed to throw much light on these more detailed features of 
kidney activity. It is possible, however, that if the urine passed 
by each kidney could be collected separatelj' and quantitatively 
urine analysis might afford valuable additional information con- 
cerning the effect of disease on the specific selective function of 
each kidney in relation to the excretion of the different waste 
products. The chief practical obstacle in the way of such inves- 
tigations is the difficulty of collecting separately, quantitatively, 
and simultaneous!}' the urine passed by each kidney for reason- 
ably long periods. 

In the present paper we wish to record some analyses of "single 
kidney” urines. These urines fulfill the requirement of repre- 
senting complete and simultaneous collections from each kidney, 
but unfortunately do not represent the best kind of clinical 
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material from which we could hope to find evidence of specific 
deteriorations of the kidney functions. Our patients were 
obtained from the Genito-Urinaiy Department of the Massachu- 
setts General Hospital. They had been operated on for malig- 
nant growths in the bladder, and were serviceable for our studies 
chiefly because the double ureterostomy performed by the sur- 
geons rendered possible the separate collection of the urine from 
each kidney. 

The analytical figures obtained would seem to merit publi- 
cation: first, because practically no similar or analogous data 
have yet been recorded; and, secondly, because the figures inci- 
dentally serve to illustrate the effect of moderate clinical hydro- 
nephrosis and pyelitis on the excretory activity of the kidney. . 
In each of the four patients studied one or both kidneys had 
been infected and had in addition been somewhat damaged 
(according to the surgeons’ reports) by the pressure of the bladder 
tumor on the ureteral opening. Since the hydronephrosis result- 
ing from such back pressure is believed by pathologists to injure 
the convoluted tubules rather than the glomeruli one might 
expect (on the basis of current physiological theories of kidney 
excretion) that the damage to the kidney, if sufficient to demon- 
strably reduce its function as a whole, should be far more strik- 
ing in relation either to the “salt” or to the nitrogen (urea, creat- 
inine, and uric acid) excretion. A moi’e highly specific deterio- 
ration, as for example, with reference to the excretion of urea or 
uric acid alone is scarcely to be expected from such cases.^ 

Case I. — J. B., male, a Russian Jew, 53 years old, weight 140 lbs. Oper- 
ated on Oct. 24, 1914, by Dr. O’Neil. At this time a double ureterostomy 
was done, the ureters being brought out through the lumbar muscles. 
As soon as the wound had healed it was possible to make quantitative 
collections of urine from each kidney by means of two cups, provided 
with outlet tubes, which were held tightly against the body by means of a 
rubber belt. In this patient prior to operation there had existed marked 
obstruction to the outflow of urine from the right ureter with resultant 


' The analytical methods used were : 

Nitrogen, Folin-Farmer method {Jour. Biol. Chem., 1911-12, xi,493). 
CJreatinine, Folin’s micro method {ibid., 1914, xvii, 469). 

Uric acid, Folin-Denis method {ibid., 1913, xiv, 95). 

Podium chloride, Volhard method. 

Phosphates, by the uranium acetate titration. 
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hydronephrosis of the right kidney’. In this kidney a fairly active py'elo- 
nephritis had also existed, but at the time our first series of observations 
was made the infection seemed to have subsided. The left kidney was 
believed by the surgeon to be in norma! condition. Between the end of 
Period 1 and the beginning of Period 2, an interval of one month, the 
patient suffered from an abscess which formed near the point of exit of the 
right ureter. The right kidney’ soon became badly’ infected. The effect 
of this infection is shon-n in the diminished relative power for the excretion 
of nitrogenous bodies shown by the right kidney during Period 2. 

Besides the observations made of the excretion of the ordinary urinary’ 
constituents (recorded in the first table), we have also made at the end 
of the first period a study of the excretion of phenolsulphonephthalein, 
of levulose, and of hippuric acid. 

The sulphonephthalein excretion when 6 mg. of the dye were injected 
subcutaneously amounted in two hours' to 31 per cent for the right kidney 
and to 48 per cent for the left. 

For the levulose test 150 gm. of the sugar were given before breakfast 
(7.30 a.m.). Urine was collected from each kidney at fifteen minute 
intervals; from the left kidney excretion began in about seventy’-five 
minutes (9.43 a.m.); from the right in four hours (11.30). VThen 2 gm. of 
sodium benzoate were given at 7.30 a.m. there was excreted in the urine 
passed by the right kidney between 10.45 a.m. and 4.15 p.ro. 0.26 gm. of 
hippuric acid, and in that from the left kidney 0.36 gm,; no free benzoic 
acid could be found in either specimen of urine. 

Case n. — A. B., male, 60 y’ears old. Diagnosis, carcinoma of bladder. 
On March 1 a double ureterostomy was done by Dr. G. G. Smith. The 
day before operation the phenolsulphonephthalein test gave the following 
results : 

Left ureter, appearance time fourteen minutes. Amount excreted in 
one hour 35 per cent. 

Right ureter, appearance time forty’ minutes. Amount excreted in 
one hour 15 per cent. 

On account of lack of time we were unfortunately unable to repeat the 
phthalein test at the time our specimens of urine were collected. As in 
Case I the bladder tumor had caused a considerable obstruction to the 
outflow of urine from the right kidney’ with a resultant moderate hydro- 
nephrosis; a pyelitis of moderate severity’ also existed on the right side. 

Case in. ^M. C., male, 55 years old. Diagnosis, carcinoma at base of 
bladder in region of the right ureter, bilateral pyelonephrosis. On March 
10 a bilateral lumbar ureterostomy was done by Dr. Hugh Cabot. Six 
days later it was possible to make quantitative collections of urine from 
each kidney. 

Casciy.—E. V., female, 60 years old. Diagnosis, papilloma on left 
lateral bladder wall about the site of the left ureteral orifice. During 
the operation it was necessary to cut the left ureter during the excision of 
the tumor. Our collections were made on the fourth day after operation 
when the patient was still wearing a catheter in the left ureter and a second 
catheter m the urethra. 



CASE I. 

Urine from Left and Right Kidney (Hydronephrosis of the Right Kidney). 
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Below is given in tabular form the averages of our main analyti- 
cal results obtained from Cases I, II, and IV. From these it would 
appear that the damage produced by moderate hydronephrosis 
complicated by pyelitis is not particularly uniform in character 
so far as the excretory function of the kidney is concerned. Since 
the chloride excretion has suffered practically no damage in the 
first two cases and has diminished no more than the nitrogen 
excretion in the fourth case it appears that the power of the 
kidney to excrete nitrogenous bodies is more easily or more 
frequently damaged than is the salt excretion by moderate 
hydronephrosis and pyelitis. Slight indications of more detailed 
selective injury are also present. The phosphate excretion, for 
example, does not correspond particularly closely to the chloride 
excretion. On account of the limited number of cases and 
figures we do not think, however, that any broad generalization 
is warranted. The excretion of creatinine and that of uric acid 
also do not vary together, the creatinine excretion resembling 
more nearly the level df the total nitrogen excretion, but here 
again it is quite possible that a larger number of results might 
lead to a different conclusion. 


Average Ratio betioeen the Excretion of the Normal and That of the Injured 
Kidney {the Excretion from the Normal Kidney Taken as 100). 


Case. 

Water. 

Nitrogen. 

Creatinine. 

Uric acid. 

Sodium 

chloride. 

Phosphate 

j 1 Period 1 

66 

66 

60 

125 

Ill 

77 

1 Period 2 

50 

31 



71 

24 

II 

66 

13 

14 

19 

95 


IV 

63 

50 

60 

' 63 

48 

44 


It is clear, however, that the figures obtained rather agree 
with the view that the excretion of urine by the kidney can be 
subdivided into an unknown number of different more or less 
independent excretions. 

For the above cases we are indebted to Dr. Hugh Cabot who 
has kindly allowed us to make free use of this interesting mate- 
rial. We have also to .thank Dr. E. G. Crabtree for his assistance 
•in the management of these patients during the periods of 
.observation. 







k QUALITATIVE (REDUCTION) TEST FOR SUGAR IN 
NORMAL HUMAN URINE. 


bt otto FOLIN. 

{From the Biochemical Laboratory of the Harvard Medical School, Boston.) 

(Received for publication, July 26, 1915.) 

The sensitiveness of the various alkaline copper solutions em- 
ployed in testing for sugar depends probably most of all upon how 
little cuprous oxide they are capable of holding in solution. The 
merit of S. R. Benedict’s qualitative test for sugar is due in large 
part to its small solvent effects on the cuprous oxide, although it 
possesses the additional advantage of being but slightly reduced 
by creatinine. The creatinine disturbs not only by its reducing 
power, but also by its property of holding relatively considerable 
traces of cuprous oxide in solution. 

The fact that all human urines probably contain varying 
amounts of sugar, and that therefore no sharp or definite line of 
demarcation exists between normal and pathological urines with 
reference to their sugar contents, is a fact which is not adequately 
shon-n or recognized by the current qualitative “tests for sugar” 
in urine. The test described in this paper is proposed as a simple 
and instructive method for showing the presence of such normal 
traces of sugar. 

The test depends, first, on the use of an rmcommonly sensitive 
alkaline copper solution, and, secondly, on the fact that in the 
presence of copper alkaline picrate solutions are not reduced by 
sugar. The importance of the last named consideration lies in 
the fact that it permits the removal of the creatinine and other 
substances with- picric acid before applying the reduction test. 

The reagent is made up in two solutions: 

A. 5 grams of crystallized copper sulphate are dissolved in 100 
cc. of hot water and to the cooled solution are added 60-70 cc. of 
pure glycerin. 
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B. 125 grains of anhydrous potassium carbonate are dissolved 
in 400 cc. of water. 

One part of the glycerin-copper solution (A) is mixed with two 
pfirf'S of potassium carbonate solution (B). Onlj'- small poitions 
should be mixed at a time as the reagent (after mixing) does not 
keep but undergoes gradual reduction. 

The test is made as follows: To about 10 cc. of urine in a test- 
tube or small flask add about 2 gi’ams of picric acid and about 2 
grams of good quality bone-black (Kahlbaum’s or Merck’s blood 
charcoal), shake for five minutes, and filter. 

Concentrated urines, which give the most trouble in testing for sugar, 
contain from 3 to 5 mg. creatinine per cc. By the above procedure the 
creatinine content is reduced to practically nothing — at the most a few 
hundredths mg. per cc. being left in the filtrate. Bone-black has ver}’ 
strong adsorbing properties for the picrates of creatinine. By allowing 
the urine and picric acid to stand for a longer time (half an hour or over 
night) the addition of bone-black may be omitted if desired. The filtrate 
in that case will contain about 0.1 mg. per cc., a quantity too small to 
interfere with the test for sugar. 

Add l.or 2 cc. of the creatinine-free filtrate to about 10 cc. of 
the freshl)'’ mixed sugar reagent in a large test-tube (together with 
a pebble or two to prevent bumping) and boil tvith constant shaking' 
for one and one-half minutes. If the sugar present is considerable 
(above the noimal variations), a typical reduction is obtained. 
If the trace of sugar is smaller, but still rather large, the whole 
solution will become tui’bid as in Benedict’s test. If no such tur- 
bidity is produced and the boiling mixture remains clear, transfer 
it at once (f.e., whife- still verj”- hot) to a centrifuge tube and cen- 
trifuge for one to two minutes. Ti’^pical red cuprous oxide such 
as is obtained with pure sugar solutions will be found in the bot- 
tom of the centrifuge tube below the green crystalline potassium 
picrate wdiich usually forms as the liquid cools. 

Some copper reagents made as described above give a slight 
cuprous oxide sediment wdien boiled alone, i.e., without any added 
sugar or urine. When that is the case the reagent must be boiled 
and centrifuged once before using it for the test. 

’ The shaking is desirable to avoid bumping and is necessary to pre- 
vent superheating and consequent reduction of the reagent on the sides 
of the test-tube. 
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In the course of nearly one hundred tests made on the urines 
of as many different normal persons (students) a positive reduc- 
tion was obtained in everj' case. In many instances the amount 
of cuprous oxide found in the bottom of the centrifuge tube was 
ver>' large indeed. The amount of sugar present in normal hu- 
man urine is therefore probably much greater than is indicated 
by the negative findings recorded on the basis of the clinical quali- 
tative tests for sugar in current use. 




OH d-LYXOHEXOSAMIHIC ACID AND ON a-ai-ANHYDRO- 
MUCIC ACID. 

By P. a. LEVENE and F. B. LA FORGE. 

(From Ihe Laboratories of the Rockefeller Institute for Medical Research .) 

(Received for publication, July 9, 1915.) 

Theoretically there are possible as many a-amino hexoses as 
there are hexoses. In order to simplify the present argument 
the enantiomorphous isomerism of the entire molecule will not 
he taken into consideration. The hexoses will be discussed as 
if they belonged to one series, either d or 1. Under such conditions 
the number of hexoses and of a-hexosamines is eight. For each 
hexosaraine there is possible a corresponding a-hexosaminic acid, 
while the number of the possible a-ai-anhydro-tetrahydroxj'- 
adipic acids is only six. 

Of the eight possible a-hexosamines two are known. Of these 
one (glucosamine) was obtained from natural sources* and sjti- 
thetically,’ and the other (chondrosamine) was discovered recent- 
ly by the present writers.’ Of the eight possible hexosaminic 
acids four were known prior to the present work: glucosaminic 
acid (obtained from glucosamine and synthetically from arabi- 
nose),^ chondrosaminic acid (obtained by us from chondrosamine), 
xylohexosaminic, and ribohexosaminic acids (obtained by us S 3 'n- 
thetically).’ 

There is a smaller gap in the series of possible a-aj-anhydro- 
tetrahydroxj'adipic acids, since, prior to this publication, only one 
was missing of the six possible. The five known acids were: the 

' Ledderhose, G., Ztschr.f. physiol. Chem., 1878-79, ii, 213; 1880, iv, 139. 

» Fischer, E., and Leuchs, H., Ber. d. deutsch. chem. Gesellsch., 1903, 
xxxvi, 24. 

» Levcne, P. A., and La Forge, F. B., Jour. Biol. Chem., 1914, .vidii, 123. 

< Fischer, E., and Tiemann, F., Ber. d. deutsch. chem. Gesellsch., 1894, 
xxvii, 13S. Fischer and Leuchs, ibid., 1902, xxxv, 3787. 

* Levene and La Forge, Jour. Biol. Chem., 1915, xx, 433; 1915, xxi, 351. 
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so called “isosaccharic acid,” which was proven by the present 
writers to be a-ai-anhydro-mannosaccharic; further, a-aj-anhy- 
dro-saccharic, a-ai-anhydro-idosaccharic, a-aj-anhydro-allomucic, 
a-ori-anhydro-talomucic aeids.^ 

The present work deals with the preparation of one more hexos- 
aminic acid, namely, d-Iyxohexosaminic acid, and of a-«r 
anhy'^dro-mucic acid, Tlie amino-acid was obtained by'- the action 
of hydrocyanic acid on lyxosimine. The anhydro-tetrahydroxy- 
adipic acid was obtained by deamination of the amino-acid and 
subsequent oxidation with nitric acid. The structure of the acid 
was established by the fact that it was found to be optically 
inactive. Of the two epimeric anhydro-tetrahydroxyadipic acids 
derived from d-lyxohexosaminic acid, one only, namely, the one 
corresponding to mucic, is optically inactive; the other is identical 
with anhydro-talomucic acid and has been obtained by' us from 
chondrosamine. 


COOH 

COOH 



COOH 

( 

- H 

NH, 

H 

CHO 

H 

NHj 

H 

sH ^ 

- OH 

H < 

- OH 

H ^ 

OH 

H 

OH 


OH 

H 

OH 

H 

OH 

H 

OH 

— KD 

H 

OH 

H 

OH 

H 

OH 

H 

COOH 

CH2OH 

CH2OH 

CH:OH 



Active 


COOH 


Inactive 


Thus the series of anhydro-tetrahydroxyadipic acids is com- 
pleted. 

Referring to the preparation of the a-aa-anhydro-mucic acid 
it must be emphasized that the amino-acid needs to be absolutely 
pure in order that it may yield a satisfactory quantity of the an- 
hydro-mucic acid. 

Reference may also be made to the mode of preparation of 
ly'xose. Starting out from milk sugar it was found convenient 
to isolate first the galactose by an unpublished process originated 
in the Bureau of Chemistry, Washington, D. C. The galactonic 
acid was isolated directly' as the calcium salt, which in turn was 
readily converted into the pentose by Ruff’s method.® 

''Ruff, 0., and Ollendorff, G., Ber. d. deutsch. cliem. Gcsellsch., 1900, 
-xx.'dii, 179S. 
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EXPERIMEKTAL. 

Preparation of Acid Calcium d-Galactonate. 

1600 grams d-galactose were dissolved in four parts of water, 
2000 grams bromine added and allowed to stand three days, with 
occasional shaking at room temperature. The solution was 
then concentrated in vacuum to about two-thirds of its volume, 
to remove the excess of bromine. The hydrobromic acid was 
removed with lead carbonate, the filtrate freed from lead with 
hydrogen sulphide and concentrated to about 3 liters in vacuum. 
It was then boiled with an excess of calcimn carbonate for about 
three-quarters of an hour and filtered hot on a Buchner funnel. 
On cooling, the calcium salt crystallized out in an almost chemi- 
cally pure condition. For the preparation of lyxose it was re- 
crystallized once from hot water. Final yield: 1500 grams. 

d-Lyxosimine. 

100 grains crystalline finelj' ground d-ljTcose were dissolved in 
100 cc. dry methyl alcoholic ammonia saturated at about -M0°. 
Crystallization of the imine began in a few minutes and was 
complete after about fortj'-eight hours. The product was 
chemically pure and needed only to be w'ashed with a little 
methyl alcoholic ammonia and dried. The j-ield was quantitative; 
melting point, 142-143° (uncorrected). 

0.1932 gm. of substance gave 12.6 

Calculated for 
CsHitXOi: Found: 

9.40 9.12 


d-Lyxohexosaminic Add. 

32 grams of finely dmded foxosimine were covered noth 32 cc. 
of water, 18 cc. of SO per cent hj'drocyanic acid added, and the 
suspension was warmed carefully to about 35° by immersion in 
Marin water. Solution took place rapidly and soon spontaneous 
u arming of the reaction mixture began. The temperature was 
controlled by a thermometer placed in the reaction flask and 
prevented from rising above 42°. lYhen the tendency to warm 
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up had ceased, the solution was allowed to stand for about one- 
half hour at room temperature, cooled to 0°, mixed Avith 300 cc. 
cold concentrated hj'-drochloric acid, and saturated with hydro- 
chloric acid gas. 

Three portions, as above, were combined and worked up exactly 
as in the case of xylohexosaminic acid.'^ Care must be taken in 
handling the final concentrated aqueous solution. If too great 
an excess of methyl alcohol is added, it carries down gummy 
impurities, which are hard to remove from the crystals. Hence 
the alcohol should be added very carefully. From 95 grams imine 
the yield was 18 grams. It was recrystallized from 50 per cent 
methyl alcohol. d-Lyxohexosaminic acid darkens slowly above 
180° and decomposes at about 215°. 


0.1217 gm. of substance gave 15.3 cc. amino N, at 21.5°, 762 mm. 
0.1036 gm. of substance gave 0.1382 gm. CO- and 0.0632 gm. HjO. 


Calculated for 
C«HuO.N: 


Found: 


N 7.18 7.12 

C 36.92 36.51 

H 6.66 6.85 


The rotation of the substance in 2.5 per cent liA'drochloric acid solution 
was as follows: 


[aln, after 15 minutes = 


[ajn, after 44 hours = 


-0.25° X 2.1662 
1 X 0.1505 
-1.44° X 2.1662 
1 X 0.1505 


- 3.58° 
-20.72° 


a-ai-Anhydro-mudc Acid. 

9 grams of lyxohexosaminic acid were dissolved in 100 cc. 3 
per cent hydrochloric acid and 15 grams of silver nitrite added in 
portions over a period of about four hours. A feAV cc. of 10 per 
cent hydrochloric acid Avere then added and the reaction AA'as al- 
loAved to proceed over night at room temperature. The silver 
chloride Avas filtered off and all but a slight excess of the hydro- 
chloric acid removed from the filtrate Avith silver nitrate. The 
clear solution was concentrated in vacuo to about 25 cc., 30 cc. o 
concentrated nitric acid Avere added, and the solution was Avarme 
in an Erlenmeymr flask over a small flame until a vigorous evolu- 

' Levene and La Forge, Jour. Biol. Chcm., 1915, x.xi, 354. 
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tion of red fumes began. The flame was then removed and the 
reaction aWowed to proceed vdth occasional vrarming. After 
twelve minutes the solution was poured into two glass dishes and 
evaporated to a thick s 3 Tup on the water bath. The contents of 
the dishes were then diluted with a little water, combined, and 
again concentrated. After evaporating once more with water, the 
sjTup on cooling solidified to a mass of white crystals which ap- 
peared under the microscope as white oblong plates. After stand- 
ing in the refrigerator for a time the mass was triturated with a 
few cc. of a mixture of drj' acetone and ether and filtered on a 
Buchner funnel. The process was repeated once more to remove 
the adhering sjwup. The crude product after drjdng weighed 
about 2 grams, although more crj^stallized from the acetone-ether 
mixture used for drjdng. For anah'sis it was recrj'stallized bj' 
dissohing in about one hundred parts of boiling drj^ acetone, fil- 
tering and concentrating the solution to about one-eighth of its 
volume. Anhj'dro-mucic acid crj'stallizes from acetone without 
crystal water in long prisms which melt at 203-204° (corrected).® 

0.1040 gm. of substance required 10.7 cc. KOH; calculated, 10.8 cc. 

0.1563 gm. of substance in 3 cc. H-O showed no rotation with n-light in 
a 1 dm. tube, where a rotation of 0.02° would not have escaped detection. 

0.1424 gm. of substance gave 0.1946 gm. CO- and 0.0334 gm. H-0. 

Calculaleii for 

CiHiOrJ Found: 


C 37.50 37.27 

H 4.20 4.17 


• Temperature given for anhydro-allomucic, 200-201°, also corrected. 




ON THE ACTION OE ASEPTIC TISSUE ON GLUCOSONE. 


Bt P. a. LEVENE and G. M. MEYER. 

{From the Laboratories of the Rockefeller Institute for Medical Research.) 

(Received for publication, July 9, 1915.) 

It is definitely established by the work of recent years that in 
the process of animal ojddation the hexose molecule suffers trans- 
formation into lactic acid, and that this phase is preceded by the 
transformation of one molecule of hexose into two of methyl 
glyoxal. In a previous communication the possible steps leading 
to this transformation were discussed.* It was shown in that 
publication that whenever any one hydrogen atom of the hexose 
molecule was substituted by a complex organic or mineral radicle 
the sugar was not affected by the tissue enzymes. In the pres- 
ent experiments it was aimed to test the action of the tissue 
enzymes on glucosone. Theoretically glucosone may dissociate 
into one molecule of glyceric aldehyde and one of hydroxymethyl 
gljmxal, and these in turn may be transformed into lactic (through 
methyl glyoxal) and pjTuvic acids respectively. 

CHO CHO 

1 1 

CO CO 

I I 

HOCH ^ CHjOH 

HCOH CHO 

I 1 

HCOH HCOH 

! I 

HsCOH H,COH 


‘ Levenc, P. A., and Meyer, G. M,, Jour. Biol. Chem., 1914, xviii, 469, 
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Glucosone 


On the other hand, glucosone may be regarded as a substituted 
glyoxal, and by analogy with methyl glyoxal might have been 
expected to be transformed into a hexonic acid 


H- 

1 

H 

1 

H 

1 

OH 

1 


H 

1 

1 

C 

1 

-C 

1 

-C 

1 

-C - 

C 

1 

-G 

1 

1 

1 

) 

II 

II 

OH 

OH 

OH 

H 

0 

0 


Ho H H OH H OH 

I I I I I I 

c -c -c -c -c -c 

I I I I I ! 

OH OH OH H OH 0 


The experiments were performed under the same conditions as 
in the previous work. Aseptic kidney tissue was used as enzyme. 
In all experiments the glucosone solution remained unchanged. 
The reducing power for Fehling’s and for permanganate solutions 
was not altered by the action of kidney tissue. Also the yield 
of phenyl osazone was apparently not affected by the experiment. 

Thus the results of the present experiments are in harmony with 
those of last year. They show that only the unchanged hexose 
molecule is affected by the tissue enzyme, and that only the 
unchanged hexose undergoes a cleavage into two molecules, each 
containing a chain of three carbons. This in its turn may signify 
that the first step in the process of lactic acid formation from 
sugar consists in the dissociation of the hexose molecule into two 
of glyceric aldehyde. Perhaps this phase is the part of a special 
enzyme. 

EXPERIMENTAL. 


Tissues . — Kidneys were removed under aseptic conditions from ex- 
sanguinated rabbits. 

Solutions . — For the preparation of glucosone 60 gm. of phenyl glucosa- 
zone in portions of 15 gm. were decomposed with 150 cc. concentrated HCl 
and the glucosone was isolated according to the method of Fischer.’ The 
glucosone was obtained as a clear syrup. With phenyl hydrazine it formed 
an osazone in the cold. Approximately 3 gm. of this syrup were dissolved 
in 150 cc. sterile 1 per cent Henderson phosphate solution and passed 
through a sterile Berkefeld filter. This solution was divided into three 
portions of 50 cc. each. One rabbit kidney was cut into small pieces and 
added to each flask. Two of the flasks were allowed to stand at 37° for 
three hours; the other served as control. 


- Dakin, H. D., and Dudley, H. W., Jour. Biol. Chem., 1913, xiv, 155. 
Levene and Meyer, ibid., 1913, xiv, 151 and 551. Neuberg, C., Biochcm. 
Zlschr., 1913, xlix, 502. 

’ Fischer, E., Ber. d. deutsch. chem. Gesellsch., 1889, xxii, 87. 
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Bacteriological Control. — Smears and cultures were made of all tissue 
mixtures before analysis and only those free from contamination were 
considered. The bacterial examinations were made by Dr. Martha Woll- 
stein, to whom we desire to express our appreciation. 

Methods of Analysis. — ^The diluted solutions were freed of proteins by 
small amoimts of metaphosphoric acid. The presence of tmchanged gluco- 
sone was noted in all solutions after standing at 37°. 

Oxidation with Fehling’s Solution.— The Lehmann-Maquenne method 
as described by Griesbach and Strassner< was employed. 

Oxidation with Permanganate. — ^The total oxidation as described by 
Greifenhagen, Konig, and Scholl, and outlined in a previous communi- 
cation, was also used.' 


Oxidation with Fehling’s Solution. 



Original 

solution. 

CuSOi. 


CuSOi 

used. 

Equiva- 

lent 

glucose. 

Glucose. 


cc. 

cc. 

cc. 

cc. 

piff. 

per cent 

I Control 

2 

27.8 

21.8 

6.0 


0.95 

After 18 hrs 

2 

27.8 

21.8 

6.0 

19.0 

0.95 

II Control 

4 

27.8 

17.0 

10.3 

33.2 

0.83 

After 18 hrs 

4 

27.8 

17.4 

10.4 

33.6 

0.84 

After 42 hrs 

4 

27.8 

17.3 

10.4 

33.6 

0.84 

Ill Control 

4 

27.8 

17.3 

10.5 

34.0 

0.85 

After 18 hrs 

4 

27.8 

17.2 

10.6 

34.3 

0.86 

After 42 hrs 

4 

27.8 

17.3 

10.5 

34.0 

0.85 


Oxidation with Permanganate. 


I Control 

After 18 hrs.. 

II Control 

After 18 hrs.. 
After 42 hrs.. 

Ill Control 

After 18 hrs.. 
After 42 hrs.. 


* 1 cc. j ICMnO< = 1.634 mg. glucosone. 


Original' 

solution. 

KMnOi 

^ oxalic 
acid. 

KMnO. 

used. 

Gluco- 

sone. 

Gluco- 

eone. 

cc. 

cc. 

cc. 

cc. 

yng. 

per cent 

2 


22.6 

18.4 

30.1 

1.51 

2 


22.7 

18.6 

30.4 

1.52 

2 


23.8 

16.2 

26.5 

1.33 

2 

41.25 

24.5 

16.6 

27.1 

1.35 

2 


23.3 

16.3 

26.6 

1.33 

2 


24.1 

16.8 

27.5 

1.38 

2 


23.9 

17.1 

27.9 

1.39 

2 


26.1 

16.9 

27.6 

1.38 


' ^."®sbach, W., and Strassner, H., Ztschr. f. physiol. Chem., 
ucviii, 199. * 

' Levene and Meyer, J our. Biol. Chem., 1912, xii, 268. 
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ACIDITy OF IWDILITTED NORMAL GASTRIC JUICE 
FROM A CASE OF HUMAN GASTRIC FISTULA. 

By M. L. &IENTEN. 

{From the Hull Laboratories of Biochemistry and of Physiology, XJnicersily 

of Chicago.) 

(Received for publication, July 8, 1915.) 

Although acidity of gastric contents from several cases of hu- 
man gastric fistula has been determined by the titration method, 
recent review of the literature (Boldyreff^) on this subject reveals 
no estimation of the acidity by the more accurate gas chain 
method. At the suggestion of Professor A. J. Carlson, who verj' 
kindly supplied me with samples of collected material, the hydro- 
gen ion concentration of various samples of gastric juice from his 
gastric fistula subject, Mr. V., was measured. This case, on which 
chemical studies have already been reported by Professor Carl- 
son,® because of a complete cicatricial stenosis of the esophagus, 
furnished gastric juice undiluted with saliva. In these studies, • 
which are tabulated below, the method used was that outlined in 
detail by Michaelis,* and which, therefore, requires no description 
here. Where the amoimt of material permitted, the measure- 
ments were made in duplicate; if the quantity was insufficient 
for this, after the first measurement, the electrode tube was emp- 
tied of its hydrogen, refilled with a new suppty, and a second 
reading made. In onty one or two cases did the variation in du- 
plicate samples amount to 1 millivolt. The terms for designating 
the different sorts of gastric juice are those employed bj^ Profes- 
sor Carlson in his previous reports of this case, wz., “hunger” 
juice, where continuous secretion obtains; “appetite” juice, the 
secretion produced by the stimulation of the gustatorj' mechan- 

‘ Boldyreff, W., Quart. Jour. Exper. Physiol., 1915, viii, 1. 

• Carlson, A. J., Am. Jour. Physiol., 1915, xxxviii, 2-18. 

® Michaeiis, L., Die Wasserstoffioaen Konzentration, Berlin, 1914. 
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Acidity of Gastric Juice 


ism; and “empty stomach fluid,” that taken one hour after the 
stomach has been washed out with 100 cc, of water. 


No. 

Date. 


H. 

Description. 

1 

2 

April 

1.09 

1.26 

8.13, 10-2 

5.50, 10-2 

Appetite (mixed, old), clear, trans- 
parent. 

Appetite (mi-xed), S.E.,* very faint- 
ly opalescent. 

3 

6 12.00 

1.11 

7.76, 10-2 

Hunger, markedly opalescent. 

4 

“ 12.10 

1.12 

7.59, 10-2 

Appetite (slow secretion), markedly 
opalescent. 

5 

“ 12.20 

1.00 

1.00, 10-' 

Appetite, slightly opalescent. 

6 

“ 12.30 

1.13 

7.49, 10-2 

ft ft if 

7 

7 

1.42 

3.80, 10-2 

Empty stomach, opalescent with 
gastric mucin. 

8 

1 

1 1 

! , 

1.13 

7.40, 10-2 

Hunger, opalescent with gastric 
mucin. 

9 

“ 

1.00 

1.00, 10-2 

Appetite, faintly opalescent. 

10 

« 

0.94 i 

1.15, 10-^ j 

if f< if 

11 

! 12 

1 

1 

1.00 

1.00, 10-' 

" contains gastric mucin, 

greenish tinge. 

12 

// 

1.08 

8.15, 10-2 

Appetite, clear, transparent. 

13 

t< 

1.19 

6.45,10-2 

Hunger, greenish in color. 

14 

u 

1.58 

2.63,10-2 

Empty stomach, slightly opalescent. 

15 

13 

0.97 

1.07,10-2 

Appetite, bile tinged. 

16 

t( 

1.13 

7.41, 10-2 

“ slightly opalescent. 

17 

U 

1.01 

9.77,10-2 

Hunger, " “ 

18 

if 

1.33 

4.68, 10-2 

Empty stomach, opalescent with 
gastric mucin. 

19 

“ 12.00 

1.45 

3.55, 10-2 

Empty stomach, opalescent with 
gastric mucin. 

20 

“ 12.10 

0.99 

1.00, 10-' 

Hunger slightly opalescent. 

21 

if 

1.06 

8.71, 10-2 

“ greenish with much gastric 
mucin. 

22 

14 

1.25 

5.62, 10-2. 

Hunger, opalescent with small 
amount of mucin. 

23 

if 

0.97 

1.08, 10-' 

Appetite, opalescent with small 
amount of mucin. 

24 

it 

0.92 

1.19, 10-' 

Appetite, opalescent with few shreds 
of gastric mucin. 


• This gastric juice was from Professor Carlson’s second gastric fistula 
subject, Mr. S. E. 
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The results obtained were in very good agreement with those 
obtained in the same specimens by Professor Carlson by titration. 
It may also be noted that they correspond fairly closely to the 
figures obtained by Fraenckel^ for acidity of gastric juice col- 
lected from Pawlow pouches in dogs and measured by the gas 
chain method. 

Other reports of electrically measured human gastric juice, un- 
diluted and after test meals, are those published by Michaelis 
and Davidsohn* and by Christiansen,® but as both of these series 
of measurements are on gastric juice collected from various patho- 
logical cases and show extreme variations in acidity, they need 
not be discussed here. 

I wish again to acknowledge my indebtedness, and to express 
my sincere thanks to Professor Carlson for his kindness in supply- 
ing the material for the experiments outlined in this paper. 

■* Ftaenckel, P., Zlschr.f. exper. Path. u. Therap., 1905, i, 431. 

* Michaelis, L., and Davidsohn, H., ibid., 1910-11, viii, 398. 

‘ Christiansen, J., Biochem. Zlschr., 1912, xlri, 24; Dnitsch. Arch.f. klin. 
Med., 1911, cii, 103 and 456. 




A SPECTROSCOPIC EXAMINATION OF THE COLOR RE- 
ACTIONS OF CERTAIN INDOL DERIVATIVES AND 
OF THE URINE OF DOGS AFTER THEIR 
ADMINISTRATION. 

Bt ANNIE HOMER. 

{From Ihe Lister Institute, London, pnd the Departments of Biochemistry and 
Pathological Chemistry, University of Toronto.) 

(Received for publication, July 7, 1915.) 

A study of the literature of the subject of urinary pigments 
shows that the presence of a variety of chromogens has been 
detected in normal and pathological urines amongst which may 
be mentioned; urochrom, urobilin, urohematoporphjTin, urohem- 
atin, urocyaniu, indirubin, indigotin, urorosein, uroerj'thrin, 
purpurin, skatol red, etc. 

There is some (Merence of opinion as to whether the above 
mentioned substances represent separate pigments, or whether 
some of the color reactions were due to the presence of the same 
chromogen in an impure condition, or even to a mixture of two or 
more commonly occurring chromogens. It will be seen that 
there has been much discussion as to whether the indigotin of 
aninials and of plants were one and the same substance; whether 
the indirubin of Rosin is not identical with the uroerj'thrin of 
Simon, xnih the urorubihematin of Harley, with the purpurin of 
Golding Bird, with the uromelanin of Thudichum, and with the 
urorosein of Sieber; whether the skatolred of Brieger and urorosein, 
uroe^dhnn, and purpurin are not the same substance; whether 
urobilin is a mixture of pigments, etc. 

It is quite possible that a pigment noticed and named by one 
o ser% er w as in reality the same as that noted by another as a new 
under the special conditions of his experiments, 
ith a complex fluid such as urine in which there may be several 
chromogens present the question as to the possible identification 
0 a pigment by its absorption spectrum is open to criticism un- 
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Color Reactions of Indol Derivatives 


less precautions are taken to ensure the elimination of the other 
chromogens present in the fluid. A little experience with spec- 
troscopic analysis shows that the position of the absorption bands 
of a substance in solution is often affected by the solvent and by 
the reaction of the solution. Moreover, if there are two or more 
substances in solution each of which has a characteristic absorp- 
tion spectrum then the absorption bands of the one will be affected 
by the presence of the other in the solution and vice versa. 

From considerations such as these it is obvious that, unless steps 
be taken to separate the pigment under observation from others 
in solution, varying results will be obtained and some already 
known chromogen will be described as an apparently new pigment 
precursor in the urine. 

In many cases of the description and identification of pigments 
in the urine no exact measurements of the color reaction have 
been recorded; this in itself leads to confusion as neither the naked 
eye nor a spectroscope with the Fraunhoffer lines as the only 
scale indication can be used with any degree of accuracy. More- 
over, many* of the observations recorded have not been made 
under comparable conditions; this again leads to the production 
of contradictory results. 

It was ascertained that there was a certain amount of fragmen- 
tary data as to the color reactions of some indol derivatives; in a 
few cases measurements had been made of the pigments obtained 
from the chromogens in the urine after the administration of cer- 
tain indol substances and speculations as to the possibility of the 
precursors of certain pathological pigments being indol derivatives 
had been put forward. 

As I was fortunate enough to have in my possession specimens 
of several indol compounds closely related to tryptophane, it was 
thought of interest and perhaps of service to make a systematic 
spectroscopic study of the color reactions of these compounds 
and of the urine of dogs to which these substances had been 
administered whether by mouth or by subcutaneous injection; 
such a study might demonstrate the connection between certain 
urinary pigments and indol derivatives. 

It was also possible that a comparative study^ of the absorption 
spectra thus mapped out would furnish indirect qualitative evi- 
dence as to whether the absoi’ption of tryptophane from the ali 
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mentary canal normally involves its preliminary decomposition 
by intestinal bacteria, the quantitative aspect of -which problem 
is being carried out in conjunction with Dr. HopMns of Cam- 
bridge, England. 

The substances investigated were; indol, skatol, indolaldehyde, 
indolcarbojcylic acid, indolacetic, indolaceturic, and indolpro- 
pionic acids, isatiu, tryptophane, and some of the condensation 
products of tryptophane -with aldehj'do- and keto-compounds. 
The method of procedure -was as follows. 

1. For the Substances Themselves.— Dihite aqueous solutions 
or suspensions of the substances were treated -with concentrated 
hydrochloric acid and, if necessary, -with a few drops of a dilute 
solution of an oxidizing agent such as potassium nitrite, ferric 
chloride, hydrogen peroxide, or calcium hypochlorite. In most 
cases it was necessary to warm the reacting liquids for the pro- 
duction of the color reaction; in some the reaction took place at 
room temperature. The concentration of acid required for the 
reactions varied considerably; in each case the temperature of the 
reaction and the degree acidity were adjusted so *as to ensure 
the production of the full color reaction and to make the absorption 
bands as pronounced and as sharp as possible. 

In most cases the pigments were extracted -with an organic sol- 
vent and the extract was weE washed -with dilute acid; in others 
it was found ad-visable to examine the acid solutions directly. 

It w'as noticed with all these indol compoimds that an excess of 
the oxidizing agent transformed the color of the solutions to a 
yellowish or brown shade; also that the pigments in solution in 
organic or inorganic solvents required the presence of acidic 
ions for their colors to be e-vident; alkalis converted the color of 
the solutions from purple or red to bro-vm. 

2. For the Urines under Im-csttgation. — ^The samples of the 
urines of dogs to which the above mentioned substances had been 
administered by mouth or by subcutaneous injection were sub- 
jected to the treatment used for the substances themselves. It 
was necessary to add acid to the extent of one-half to one-third 
of the volume of urine taken, and it was noticed that a greater 
amount of oxidizing agent -vras required than for the aqueous 
solutions of the substances themselves; this was to be expected. 
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The dogs were put on a diet on which they were not excreting 
the chromogen of indican. The normal urine of every dog used 
was tested for the presence of the chromogens of indican, urobilin, 
and other pigments. 

It was found that the dogs employed excreted no indoxyl cpm- 
pounds and no urobilin on diets of bread and milk. Even after 
the administration of comparatively large doses of some of the 
above mentioned indol compounds there was no urobilin detected 
in the urine. 

In the case of pathological human urines it was found necessarj' 
to remove urobilin by means of lead acetate solution before pro- 
ceeding to an examination for indol pigments. If indican were 
present, the urine, after treatment with nitrite or other oxidizing 
agent, was repeatedly extracted with chloroform to remove all 
traces of indigo pigments before attempting to make an exami- 
nation of the amyl alcohol-soluble pigments. After the complete 
removal of the chloroform-soluble substances the urine was 
extracted with amyl alcohol and the extract well washed with 
dilute acid before being examined spectroscopically. 

a. A Spectroscopic Examination of the Color Reactions of Various 

Indol Derivatives. 

An examination of Table I shows that of the simple indol 
compounds all except indolpropionic acid gave characteristic 
absorption spectra; none of them gave any indication of the 
production of indigo by the oxidation methods employed. 

Indolaldehyde gave a color reaction with acid alone; the ad- 
dition of an oxidizing agent did not affect the position of the ab- 
sorption bands. The position of these bands measured with the 
instruments at my disposal agreed with those given bj'’ Ellinger 
(Table III). 

It will be seen that indolaldehyde, skatol, and tryptophane 
have an absorption band in common, viz: X549-536. Indol- 
acetic acid has a corresponding band but the position is slightly 
shifted (X552-539). 

Indolacetic acid, indolaceturic acid, and tryptophane show 
signs of a band X505-485 which is the characteristic absorption 
band of the indolcarboxylic acid pigment. It looks as though 
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in the oxidation of these substances there is a tendenc}' to pro- 
duce indolcarboxylic acid or some product in common with that 
formed from the latter substance. 

b.'A Spectroscopic Examination of the Urine of Dogs after the 
Administration of Varioiis Indol Derivatives. 

An examination of Table II shows that the administration of 
indol and indolaldehyde was followed by a vivid indican reaction 
which could be detected for three days after doses of 0.1 gram of 
these substances. 

After the administration of skatol the dog urine exhibited a 
well marked color reaction and the absorption band agreed with 
that given by Brieger and by Porcher and Hervieux for skatol 
red (Table III). On the second day after the dose, whether 
given by mouth or subcutaneously, the urine gave a well marked 
indican reaction. 

The administration of indolcarboxi'-lic acid was followed by the 
elimination of the substance in the unchanged state, a fact evi- 
denced by the color reaction of the urine.' 

Laidlaw and Enins' have shown that the administration of 
indolacetic acid is followed by the elimination of indolaceturic 
acid. The accompanjing comparison iTables I and II) of the 
color reactions of the urine after the administration of indolacetic 
acid with the color reactions of indolaceturic acid itself lends 
support to the quantitative experiments of these observers. It 
was noticed, however, that if the urines were allowed to become 
“stale” then the color reactions of the urine were those of indol- 
acetic and not of indolaceturic acid. 

Peculiar interest is attached to the chromogen present in the 
urine after the administration of indolpropionic acid. The acid 
itself does not give any characteristic color reaction with an 
ox-idizing agent, but administration of the substance to a dog is 
followed b}' the elimination of a chromogen which is verj”^ sensitive 
to the merest trace of acid. 

The color reaction was given by the urine on addition of acid 
and being allowed' to stand at room temperature in contact with 

' The excreted indolcarboxj-lic acid was identified by qualitative and 
quantitative analyses (unpublished observations). 

Kwins, .\., and Laidlaw, P. P., Biochem. Jour., 1913, vii, 18. 
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air but the absorption spectrum exhibited under these conditions 
is not the same as that given bj'- the urine after oxidation with 
nitrite or with ferric chloride and acid. 

The production of a cherry-red color from the urine suggested 
the presence of the chromogen of urorosein, but the spectroscopic 
examination revealed the presence of a substance different from 
the chromogen of urorosein. 

From Table II it will be seen that incomplete oxidation of the 
chromogen under consideration gives rise to the bands X557-537 
and X521-496 whereas after complete oxidation three bands 
were measured, viz., X587-561, X546-533, and X499-485 of which 
the band X499-485 was the best marked. The wave length of 
the third band suggests that of urobilin (Garrod and Hopkins 
X505-485) and the question arose as to whether this band was an 
inherent property of the pigment or whether it indicated the 
presence of urobilin, a factor which might well be introduced on 
account of the reaction of the animal to this substance.’ 

It was found that the unknown chromogen hke urobilin was 
precipitated by lead acetate solution and by saturation of the 
urine with ammonium sulphate. The precipitated chromogen 
(Garrod and Hopkins’ method for the separation of urobilin was 
used) was carefully tested for the presence of urobilin; the ether- 
chloroform solution showed a faint, ill defined band at about 
X490. An alcoholic solution of the chromogen made alkaline 
with ammonia and treated with zinc chloride did not give a 
fluorescent solution. It was obvious that there could not have 
been more than a trace of urobilin present in the urine. 

The precipitated chromogen when treated with acid and an 
oxidizing agent was converted into the colored substance having 
the three well marked bands described above. 

From these observations it is evident that the band X499-485 
is an inherent property of the pigment and is not due to the pres- 
ence of urobilin. 

The production of this pigment is of interest as it probably 
represents some profound change in the molecule of indolpro- 
pionic acid during its sojourn in the animal body. The chemical 

’ The account of the chemical and physiological reaction of the animal 
body to this substance will be given in a later paper by Dr. Hopkins and 
the author. 
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aspect of this change is one of the problems which Dr. Hopkins 
and the writer of this paper are attempting to solve. 

Administration of trj^ptophane, whether in small or large 
amounts, and also of its condensation products with formaldehyde, 
with glyoxylic acid, and with pyruvic acid, was not followed by 
the elimination of any corresponding chromogen in the urine; 
there was no indication of the chromogens of indican or of any 
other indol pigment, of urobiUn, or of any unchanged trjTJtophane 
in the urine. 

The spectroscopic evidence is in favor of the statement that 
normally the metabolism of tryptophane in the dog does not 
require the preliminary' formation of the substances known to be 
the products of bacterial action on tryptophane. In the feeding 
experiments under consideration as much as 10 grams of trypto- 
phane, both in the solid form and in solution were given in single 
doses to a dog of ,232 pounds’ weight. In this way the organs of 
the animal were overloaded with the substance and the chances 
were that any of the above mentioned bacterial products, if 
formed from tryptophane normally, would be present imder these 
conditions in sufficiently large amounts to be detected in the mine 
by their particular color reactions as it had been observed that 
after the administration of the various indol derivatives the color 
reaction, even in the- case of small doses, could be detected in the 
urine excreted dming the next thirty-six horns or more. 

In certain pathological conditions or by the adoption of some 
special diet whereby the flora of the intestme is altered, the 
metabolism of trjptophane is often afi’ected so that there is pro- 
duction of indol compounds leading to the elimination of the chro- 
mogens of indigo and of indol pigments in the urine. 

The pigments of clinical interest in the urine which seem to 
have a close connection with indol compounds are nrorosein and 
indican. 

The urorosexn reaction is characteristic of the urines of patients suffer- 
ing from a variety of diseases such as chlorosis, pulmonary diseases, osteo- 
malacia, nephritis, typhoid, carcinoma of the esophagus, ulcer of the 
stomach, anacidity, peritj-phlitis, and diabetes. The production of the 
chromogen of this pigment from such a variety of diseases is probably due 
to disturbances in the intestinal tract, but at the same time it must not be 
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forgotten that the detection of a chromogen by the production of a rose-red 
color is somewhat unreliable unless the position of the absorption band is 
measured in each case. It has been my own experience with several patho- 
logical urines sent to me as exhibiting the urorosein reaction that, if the 
color reaction were carefully carried out so as to get the maximum effect, 
the spectroscopic examination revealed the presence of indican and not 
of urorosein. 

Nencki and Sieber,^ Rosin,* and Garrod and Hopkins* have made 
careful measurements of the absorption band exhibited by urorosein so 
that its detection, provided the investigator possesses a spectroscope fitted 
with a scale, should be a simple matter. 

Herter’' investigating the case of a child with a peculiar intestinal flora 
whose urine exhibited a marked urorosein reaction isolated indolacetic 
acid as the precursor of the pigment. But Laidlaw and Ewins’’ have shown 
that absorption of indolacetic acid from the intestine was followed by the 
elimination of indolaceturic acid in the urine. Noticing the color of the 
urine they suggested that indolaceturic acid was the chromogen of the 
pigment but they did not make measurements of the absorption band 
exhibited by the pigment derived from indolaceturic acid or by urorosein 
urines. 

The work described in this paper had been started some time 
previous to the publication of Laidlaw and Ewins’ paper; these 
observers very kindl}'’ furnished me with a colorless sample of 
crystalline indolaceturic acid and so enabled me to continue my 
spectroscopic work without having to isolate this substance from 
the urine of dogs to which I had administered indolacetic acid for 
other purposes. 

It will be seen from the accompanying tables that indolacetic 
acid treated with an acid and an oxidizing agent gave a char- 
acteristic absorption band X552-539; indolaceturic acid under the 
same conditions gave a well marked band X579-539. Of these 
two the mean position for the indolaceturic pigment agrees with 
that given by Nencki, Rosin, and Garrod and Hopldns for urorosein 
urines. 

Laidlaw and Ewins’ observations on the fate of indolacetic 
acid in the organism together with the spectroscopic evidence 
adduced in this paper make it unlikelj’" that indolacetic acid is the 


■* Nencki, M., and Sieber, N., Jour. J. prakl. Chem., 1SS2, cxxxiv, 333. 

* Rosin, H. R., Arch. f. path. Anal. u. Physiol., 1891, cxxiii, 519. 

* Garrod, .X. E., .and Hopkins, G., Jour. Physiol., 1S9G, xx, 112. 

‘ Hertcr, C. A., Jour. Biol. Chcm., 1908, ccxxxix, 253. 
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chromogen of urorosein but at the same time the fact that Herter 
actually isolated indolacetic acid as the chromogen has to be 
accounted for. 

In order to throw some light on the subject I attempted to iso- 
late the chromogen from human urines exhibiting the urorosein 
reaction. There were many diflaculties in the way, amongst 
others the fact that so many of the urines sent to me did not yield 
the urorosein but the indican reaction and that in manj^ cases 
(especially of chlorosis) the reaction was so slight that there 
was little hope of isolating a crj-stalline product: a fraction of a 
milligram of the pure substance gives an intense color reaction. 

There was sent to me a sample of urine from a patient at Guy’s 
Hospital, London, suffering from achlorhydria gastrica. In the 
first sample sent there was indication of the presence of indolace- 
turic acid (absorption band \573-540). The urine, evaporated 
to half its bulk in mcuo, was treated according to the directions 
given by Laidlaw and Enins as follows: The urine after saturation 
with ammonium sulphate was acidifiied, extracted with ether, and 
the ethereal layer washed nnth ammonium sulphate solution 
and then with water. The acid was shaken out of the ether with 
sodium carbonate solution which was withdrawn, acidified, and 
again saturated rvith ammonium sulphate and extracted with 
ether. The ether extract was washed as before- After the 
removal of the ether by evaporation a small amount of a gummy 
oil was left. However, this would not form a picrate in the 
manner described by Laidlaw and Enins. 

The gummy residue gave an intense glyoxylic reaction and on 
treatment with acid and an oxidizing agent gave an intense color 
X553-533 which proved to be that of indolacetic acid and not of 
indolaceturic acid and also not that of the original urine. 

It was obvious that during the concentration and subsequent 
treatment the chromogen in the urine had been hydrotyzed to 
indolacetic acid. 

Further samples were sent from the same case. However, a 
spectroscopic examination after the removal of urobilin revealed 
tlie presence of indolacetic and not indolaceturic acids. The urine 
was extracted as before and an oily magma of ciystals was obtained; 
these crystals were identified as hippuric acid. The oily magma 
was therefore dissolved in 5 per cent sulphuric acid and precipi- 
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tated with mercury reagent. After the decomposition of the mer- 
cury precipitate in the usual way the filtrate from the sulphide 
was freed from sulphuretted hydrogen and from acid, and ex- 
tracted with ether. The ethereal solution was well washed and 
after the evaporation of the ether there remained a small amount 
of an oily substance which slowly began to crystallize. The crys- 
talline residue was too small in amount to be recrj’-stallized for 
melting point determinations, but spectroscopic examination of 
the crystals indicated that the substance was indolacetic acid. 

In another case of urine supposed to be exhibiting the urorosein 
reaction it was observed that the absorption band was X533-524; 
this corresponds to neither indolacetic nor indolaceturic acid pig- 
ments and was probably due to the presence of a mixture of pig- 
ments, although to the eye the color was that of urorosein. 

Moreover, it was found that with samples of the urine of dogs 
after the administration of indolacetic acid to them, if the urorosein 
test were made with the freshly excreted urine the reactions were 
those of indolaceturic acid, but if the urine were allowed to be- 
come “stale” the color reaction changed to that of indolacetic 
acid. Further, if crystalline indolaceturic acid were added to 
normal urine which was then allowed to stand for some days, the 
color reaction changed to that of indolacetic acid. 

From the work of Laidlaw and Ewins and from the evidence 
adduced in this paper it is obvious that the chromogen of urorosein 
is indolaceturic acid; from the above observations it is possible 
that on standing the indolaceturic acid urines may undergo 
bacterial decomposition with formation of indolacetic acid and 
glycine and, further, that even starting with a urine giving the 
reaction for indolaceturic acid, attempts to isolate the latter 
substance when present in moderately small amounts may fail 
on account of its hydrolysis into indolacetic acid. 

From considerations such as these it is easy to understand the 
isolation of indolacetic acid and not of indolaceturic acid by Herter 
as the chromogen of urorosein. Had he measured the position 
of the absorption band of the pigment derived from indolacetic 
acid he would have seen that it did not agree with that given by 
Rosin and others for the absorption band of urorosein. 

It is thus evident that the urorosein reaction is due to the 
presence of indolaceturic acid in the urine which (from the obser- 
vations of Laidlaw and Ewins) has been formed from indolacetic 
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acid absorbed from, the intestine. Indolacetic acid maj' there- 
fore be regarded as the precursor of the pigment urorosein in the 
metabolic functions of the body but indolaceturic acid is the 
actual chromogen of the pigment; the failure to realize this point 
may lead to confusion in the examination of urines with a “rose- 
red” color reaction. 

In connection with a study of the urorosein reaction it seemed 
necessarj' to consider the question of the identity of skatol red and 
urorosein. 

Brieger* isolated skatol from the products obtained by the distillation of 
feces and showed that after administration of this substance to a dog the 
urine contained a chromogen which on oxidation gave rise to a pigment 
which he called skalol red. The work of Brieger, Mester,’ and others has 
shown that the chromogen of skatol red is skatoxyl sulphate. The only 
evidence of the occurrence of skatoxyl compounds in human urines is that 
furnished by Otto' “who has shown that in the early stages of diabetes melli- 
tus indoxyl compounds could be isolated from the urine whereas in the 
later phases of the disease, when gastric sjTnptoms occurred, skatoxyl 
compounds were excreted. 

In view of the more recent work on the color reactions of the urine of 
patients with disordered digestive functions and of the capacity of sub- 
stances, even when analytically pure, to adsorb chromogenic materials 
this work of Otto calls for repetition, especially as he identified the com- 
pound isolated by him by anal 3 'sis of the nitrogen and sulphuric acid con- 
stituents onlj'; analj-sis of the carbon and hj'drogen content was also neces- 
sarj* in a case in which a decision was being made between compounds 
whose composition and molecular weights so nearlj- approximated. 

But whether skatoxj'l compounds are to be found in human urines or not , 
the fact remains that skatol after administration by mouth or bj' sub- 
cutaneous injection is eliminated as skatoxj'l sulphate, and that this sub- 
stance on treatment with an acid and an oxidizing agent is transformed 
into a pigment having an absorption band X577-550 (Brieger). The posi- 
tion of this band is the same as that observed for urorosein. Brieger con- 
sidered it different from indirubin but the same as the pigments urorubin, 
urorosein, uroerythrin, and purpurin, a view shared bj- Porcher and Her- 
vieux” but not held by Bossier” and Maillard,” 


‘ Brieger, L., ZlscAr. f. physiol. Chem., ISSO, iv, 414. 

» Mcsicr, B., ibid., ISSS, xii, 130. 

Otto, 3. G., Arch.f. d. ges. Physiol., 18S4, xxxiii, 607. 

>' Porcher, C., andHer^•ieux, C., Compi. rend. Acad. d. sc., 1904, c.xx.xviii 
15 . 

Bossier, C., Ccnlralbl.f.inn. Med., 1901, xxii, S47. 

“ Mailliird, L. C., Ztschr.f. physiol. Chem.. 1905, xivi, 51.5. 
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IMaillarcl considered that theskatol red of Brleger was not a pure pigment 
but was contaminated with indirubin and, further, that the skatoxyl elimi- 
nated in the urine does not account for the whole of the skatol injected; 
he suggests that some maj' have been converted into an indoxyl compound. 
Porcher and Hervieux were opposed to Maillard’s views and considered 
that skatol becomes entirel}' converted into skatoxyl; they emphatically 
upheld their views as to the identity of skatol red and the above mentioned 
pigments. 

The work of MacMunn and of Garrod has demonstrated that urorosein 
and uroer3'thrin are different substances (Table III). 

From the work of Laidlaw and Ewins, of Herter, and from the 
evidence adduced in this research, it seems clear that the pre- 
cursor of the urorosein pigment is indolaceturic acid. On the 
other hand it has been clearl}’- demonstrated bj'- Brieger, Otto, 
and Mester that the chromogen of skatol red is skatox3d. But 
the evidence as to the occurrence of skatoxjd in human urines 
is b}’’ no means established whereas the urorosein reaction has 
been commonly noted and its connection with indolacetic and 
indolaceturic acids demonstrated. 

It is thus obvious that under suitable conditions there can be 
isolated from the urine two distinct chromogens which produce 
the same color reaction. Some explanation of this phenomenon 
must be found. 

It is possible that the same oxidation product may have been formed 
from these two chromogens, although the fact that the absorption spectrum 
of the indolacetic acid pigment is different from that of the indolaceturic 
acid pigment does not favor this h3fpothesis. 

It is known that the character of an absorption spectrum depends on 
the atomic and molecular vibrations of the substance and that the actu.'il 
position of the bands is influenced by the size, character, and weighting 
effect of the side chains of the ringed compounds: thus, the position of the 
band of the indolaceturic acid pigment is nearer the red end of the spectrum 
than that of the indolacetic acid pigment, and the latter nearer the red than 
the indolcarbox3dic acid pigment. There is vor3" little difference between 
the weighting of the molecules of indolaceturic acid and skatox3d sulphate, 
and it is conceivable that the weighting of their respective oxidation 
products (which presumably belong to the same t3'pe of compound) is such 
that there is similarit3^ of their absorption spectra both as regards char- 
acter and position of absorption bands; but even so, until we know the t3'pc 
of reaction this color reaction involves it is with extreme diffidence that 
suggestions of this kind are brought forward. 

At the same time it must be remembered that even though there is a 
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certain similarity between the colors produced in the two cases absolute 
identity or a difference cannot be claimed until the colored substances 
themselves thus formed have been isolated and identified; for the present 
purposes such a course is not expedient. 

However, an examination of the pigments formed from indol- 
aceturic acid and from skatoxjd urines indicated that although at 
first the evidence seemed to point to their identit}* it was shown 
later that skatol red apparently consists of two pigments. 

The two chromogens of the pigments whose identity was under 
consideration were not precipitated to any appreciable extent by 
the addition of lead acetate solution to the urine; they were also 
incompletely precipitated by saturation of the urine with ammon- 
ium sulphate. 

The pigments were insoluble in chloroform, ether, and xjdol 
but were readily soluble in ethyl and amyl alcohols. 

The indolaceluric pigment is insoluble in chloroform to which 
has been added one-third its bulk of alcohol, but if the chromogen 
be dissolved in ethyl alcohol and oxidized with nitrite in the 
presence of the required amount of acid and then shaken with 
chloroform, the latter solvent takes up the pigment to a slight 
extent. The absorption band of the pigment in the chloroform- 
alcohol laj'er shows a shift in position (X580-545). On washing 
the chloroform-alcohol extract with water the color is removed 
from the chloroform to the aqueous-alcohol layer. Reacidifi- 
cation of the liquids does not restore the color to the chloro- 
form layer; this obsenmtion is contrarj' to Garrod and Hopkins’ 
experience.® 

On the other hand if a small amount of amyl alcohol were added 
to the chloroform the indolaccturic pigment was readily absorbed 
and could not be washed away with water. The solution showed 
a well marked band X580-540. 

The skatol red urines were treated with lead acetate solution 
and the excess of lead was removed. The clear filtrate was then 
oxidized in the usual way. 

It uas found that the skatol red pigment was insoluble in 
c doroform but on shaking the urine to which a small amount of 
et ijl alcohol had been added, there was a separation of the color 
mto two component parts, the one soluble in the chloroform-ethyl 
a CO ol laj cr as a bluish purple almost blue color and the other 
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remaining in the aqueous acid layer as a rose-red color. After 
the removal of the chloroform-alcohol-soluble pigment the acid 
layer was extracted with amyl alcohol. 

The bluish purple chloroform-alcohol-soluble pigment showed 
a diffuse band X585-560 with sharp edges; the rose-red amjd 
alcohol extract showed a diffuse band X560-530 and a band X505- 
480. 

Mixture of the chloroform-ethyl alcohol and the amyl alcohol 
extracts of the components of skatol red gave a band X57 2-545 
and in this case the band X505M:85 was hardly discernible. 

It was found that an amyl alcohol-chloroform extract of the 
pigment obtained from the skatol red urines previously treated 
with lead acetate solution showed a slight shift of the band 
(X575-545) but the character of the band was not that of the chlo- 
roform-ethyl-alcohol component (above); it was ill defined and 
diffuse. It is clear therefore that the latter extract contains a 
separate pigment and the position of the band X585-560 can not 
be ascribed to the shifting effect of the chloroform on the position 
of the absorption band of skatol red. 

It is evident therefore that the pigment known as skatol red 
can be resolved into two component parts; such a separation could 
not be accomplished with the indolaceturic pigment. 

A further point of dissimilarity was the comparative stability 
of skatol red both in acid-aqueous and in acid-amyl-alcohol solu- 
tions whereas the characteristic color of urorosein urines and of 
the pigment from the isolated indolaceturic acid fades very rapidly, 
even from concentrated solutions in acid-amyl-alcohol. 

Moreover, it was ascertained that after the administration of 
indolacetic acid to dogs there was no trace of indican in the urine. 
In the case of skatol given to a dog who was on a diet on which he 
was excreting no indoxyl compounds, no indican could be detected 
in the first day’s urine but the chloroform extract was reddish 
purple in color and showed an absorption band X635-560; this was 
probabl}’" the indirubin referred to by Maillard as contaminating 
Brieger’s skatol red. On the second day the urine showed evi- 
dence of the formation of indoxyl compounds (positive indican 
reaction) and on this day the skatol red reaction was much less 
vivid than on the first day. Both the indican and skatol red 
reactions were faint on the third day. 
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It is possible that the bulk of the skatol is eliminated as skatoxj'l 
sulphate -while a small amount is converted into indoxyl sulphate. 
In the first day’s urine, in the presence of excess of skatoxyl, the 
indoxvl combines -with, part of the skatoxj'l to form a compound 
of the indirubin t^TJe while in the second dais’s urine, the skatoxj’l 
compound being present in a much less amount, the indoxyl 
follows the usual path of indigotin formation. 

From these considerations it is probable that skatol red and 
urorosein, although they possess sunilar absorption spectra are 
not identical. The experimental e'v’idence shows that the skatol 
red of the urine is not a simple pigment but a mixture of pigments 
which, when present together, mutually affect each other’s ab- 
sorption so as to produce an absorption band corresponding to 
that of urorosein. 

The indican readion is exhibited by the urine of dogs excreted 
for several days following after the administration of indol and 
indolaldehj'de. After the administration of skatol the indican 
reaction is not e-videnced until the second day. In the case of 
indol and indolaldehyde the color reaction is verj' intense and 
persists for some time after their administration (Table II). The 
question as to the production of indican in the urine is one of in- 
terest in xnew of these obseix'ations. 

The chromogen of indican is a sulpho- or gluco-compound of indoxvl 
and is to be found normally in the urine of herbivora and in pathological 
human urines. While Ellinger considers that the indoxj-1 compounds of 
the urine owe their origin solely to the bacterial production of indol from 
tryptophane in the intestine, Rosenfeld states that under certain con- 
ditions there appear, in the urine of rabbits, indoxj-1 compoimds which can 
only have been produced from the breakdown of the tissues and not from 
the intestinal decomposition of tr\-ptophane. Ellinger, criticizing Rosen- 
feld’s experimental evidence,” states emphatically that the indican of the 
urine comes solely from indol formed in the intestine, a view also held by 
Salkowski, Underhill, Porcher, and others.” 


" Blumenthal, F., and Rosenfeld, F., Charite-Arm., 1903. xxvii, 46. 
Ellinger, A., Ztschr.J. physiol. Cheni., 1903, xxxix, 44. Ellinger, A.’ and 
Genfzen, M., Bcitr. z. chem. Phys. u. Path., 1904, iv, 171. Also, Rocenfeld 
F.. ibid., 1904, V, S3. ' ' ’ 

” Underhill, F. P., Am. Jour. Physiol., 1903-04, .x,p. xxvii. Salkowski, 
E., Zlschr.f. physiol. Chan., 1904, .xlii, 213. 
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The indican reaction seemed to be a feature of many of the 
pathological urines sent to' me. In some cases the reaction was 
slight; in others, especially in the urine of patients suffering from 
pernicious anemia and cirrhosis of the liver, the reactions were 
most vivid. 

The e.xperimental data which I am slowl}^ accumulating point 
to the liver as being the seat of the decomposition of tryptophane. 
It is quite feasible tliat in pathological cases such as those cited 
above, the presence of indoxjd compounds in the urine is not of 
necessity due to the bacterial disturbances in the intestinal tract 
but may owe its origin to the formation of indolaldehyde in tlie 
liver as a result of the failure of the disordered liver cells to deal 
normally with trj’-ptophane. 

SUMMARY. 

A study of the absorption spectra of the colored substances 
obtained b}'’ the action of certain reagents on indol derivatives 
has been made and correlated with those derived from the chro- 
mogens eliminated in the urine of dogs to which these indol de- 
rivatives had been administered. The results show that: 

1. Of the various indol derivatives administered, indol, skatol, 
indolaldehyde, indolcarboxjdic and indolacetic acids undergo 
little change in their passage through the animal bodj". Apparent- 
ly with indolpropionic acid there arc more deep seated changes 
taking place. 

2. Tryptophane under normal circumstances is apparently 
not broken down into any of the above mentioned substances 
before absorption from the alimcntaiy canal. 

3. The nroroscin reaction is due to the presence of indolaceturic 
acid in the urine which has been produced from indolacetic acid 
in the intestine, the latter probably being formed as the result 
of bacterial action on trj^ptophanc. Under some conditions the 
uroroscin reaction is changed to that of indolacetic acid. 

4. The pigment known as skatol I'ed has the same absorption 
spectrum as urorosein and some observers consider them to be 
identical. The evidence adduced in this research shows that the} 
are different. Skatol red consists of a mixture of two pigments 
which can be isolated by the use of suitable solvents; further, the 
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stability and solubility of the mixed pigments are different from 
those of urorosein. 

5. The indican reaction is given markedly by the urine of dogs 
within a short time after the administration of indol and indol- 
aldehyde and persists for some days. This dolor reaction is not 
given until the second day after the administration of skatol, 

No indican could be detected in the urine after the adminis- 
tration of other indol derivatives. 

6. The presence of indoxi'l compounds in pathological human 
urines may be due to; (a) disorders of the liver whereby the 
liver cells may be incapable of dealing with tryptophane bej'ond 
the stage of indolaldehyde, or (b) the absorption from the intes- 
tinal tract of indol or of indolaldehyde produced from tiyptophane 
by the action of intestinal bacteria. 
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TABLE I. 


Spectroscopic Examination of the Color Reactions of Indol Derivatives. 


Substance. 

Treatm cnt. 

' Solvent for 

pigment. 

1 Absorption bands. 

Indol 

HClandKNOs 

Amyl alcohol 

1 

X528.5-490 (concentrated 
solution). 

X528. 5-505 (dilute solu- 
tion). 

Skatol 

HCl and KNO. 

1 

Amyl alcohol 

CHCI 3 

X546. 5-533.5 and a dif- 
fuse ill defined band 
X494-505. 

X546. 5-533.5 and a dif- 
fuse ill defined band 
X494^05. 

Indolaldehyde 

HCl (concen- 
trated) 

HCl aqueous 

X549-536.5 and a stronR 
band X495^80. 


HCl and KNO. 

[ 

HCl aqueous 

HCl aqueous 

X549'533.5 and X494.5- 
480. 

(Dilute solution) X54G- 
527.5 and X494.5-475 
(well marked). 


HCl and FeClj 

Amjd alcohol 

X549-533.5 and X499.5- 
475. 

Indolcarboxylic 

acid 




Indolacetic acid 

HCl and KNO 2 

HCl aqueous 

Amyl alcohol 

X552-539 (faint) and 
X505-490 (faint). 
X557-539 and X505^92. 


HClandFeClj 

Amyl alcohol 

X552-531 and X505-492. 


HCl and KNO 2 

Amyl alcohol 

X552-53I and X505-492. 

Indolaceturic 

acid 

HCl and KNO 2 

Amyl alcohol 

X579-539 (strong) and 
X502-485 (very faint). 


HCl and H 2 O 2 

Amyl alcohol 

X579-539 and X502-492. 


HCl and FeCU 

Amyl alcohol 

X579-539 and X502-492. 

Trj'ptophane 

Slow oxidation 
with FeCls 
in presence 
of air and 
acid 

CHCI 3 

X570-471 (faint). 


HCl and KNO 2 

Amyl alcohol 

Ill defined bands X552- 
534 and X505-4S5. 


HCl and FeCU 

Amyl alcohol 

X549-531 and X502-4S5. 
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TA3LE l—Concluicd. 


Substance. 

Treatment. 

Solvent for 
pigment. 

Absorption bands. 

Condensation 
products of 
tryptophane 
with: 

1. formaldehyde 

HCl (concen- 
trated) 

HCiand KNOj 

HCl andFeCl, 
HCl and HiO, 

Acid aqueous 

Amyl alcohol 

Amyl alcohol 
Amyl alcohol 
and also 

CHCU 

Glyosylic color reac- 
tion. 

Yellowish brown solu- 
tions. 

No bands. 

2. glyoxylic acid 

HCIandKXO. 

iHClandFeCl, 
HCl and HiOi 

Amyl alcohol 

1 Amyl alcohol 
Amyl alcohol 
and also 
CHCl, 

Y'ellowish brown solu- 
tions. 

1 No bands. 

3. pyruvic acid 

HClandKNOi 

HClandFeCl, 
HCl and H,Os 

Amyl alcohol 

Amyl alcohol 
Amyl alcohol 
and also 
CHCl, 

Yellowish brown solu- 
tions. 

No bands. 

Isatin 

HCl and KXO: 

HCl and 
CaOCl, 

! Amyl alcohol 

CHCl, 

Brown solution. No 
bands. 

No bands. 
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TABLE IT. 


Spectroscopic Examination of the Urine of Dogs after the Administration of 

Various Indol Derivatives.* 


Substance admin- 
istered. 

Treatment of 
urine. 

Solvent for 
pigment. 

Absorption bands. 

Indol (by mouth) 

HCI and 

CaOCls 

CHCl 

X627-598 (indican). 

(by injection) 





HCI and 

CaOCl2 

CHCl 

X627-598 (indican). 


HCI and KNO. 

Amyl alcohol 

No other pigment could 
be detected even three 
days after the dose. 

Skatolf (by 

mouth and by 

HCI and 

CaOCU 

CHCU 

No indican first day. 

injection) 

HCI andFeCU 

CHCl, 

CHCl, 

Purple color X5G0-535 
first day. 

X627-598 second day. In- 
dican. 

Skatolf (by 

mouth and by 

KNOjandHCI 

Amyl alcohol 

X572-545. 

More dilute 565-546. 

injection) 




Component 1 


Chloroform-alcohol sobiiion: sharp band 
X5S5-560; solution almost blue in 
color. 

Component 2 


Amyl alcohol solution: diffuse and ill 
defined band X560-530 and another 
X505-480; this latter is not due to the 
presence of urobilin. Amyl alcohol 
solution almost rose-red in color. 


Chloroform-amyl alcohol solution of mixture of 1 and 2 shows band X575-54o- 


Indolaldehyde 
(by mouth) 

HClandCaOCl, 

HClandFeCl, 

HClandKNO, 

i 

! 

CHCl, 

CHCl, 

Amyl alcohol 
after remov- 
a 1 of p i g- 
ments solu- 
ble in CHCl, 

X627-598 (well marked). 
X627-598. 

None. 

Indolcarboxylic 
acid (by 

mouth) 

HCI and CaOCl, 

HClandFeCl, 

HClandKNO, 

CHCl, 

CHCl, 

Amyl alcohol 

None (no indican). 
None. 

X505-484. 













TABLE U—Conlinued. 


Substance admin- 
istered. 

Treatment of 
urine. 

Solvent for 
pigment. 

Absorption bands. 

Indolacetic acid 

iCl and CaOCli 

3HCU 

None (no indican). 

(by mouth and 

JClandFeCli 




by injection) 
Fresh urine 

SCI and KNOs 

Amyl alcohol 

X570-542 and X505-490. 

HClandHjO: 

Amyl alcohol 

X570-542 and X505-490. 


HCIandFeCl, 

Amyl alcohol 

X570-542 and X505-A90. 

Stale urine 

HClandKNO; 

Amyl alcohol 

Xo5d-533 and X505-490. 


HCI and H;Oi 

HCl and FeCU 




■Normal urine to 





which had 
been added; 





1. indolacetic 

HClandKNOi 

Amyl alcohol 

X555-533 andX505-49Q. 

acid 





2. indolacet- 

HCI and KNO, 

Amyl alcohol 

X570-542 and X505-A90. 

uric acid 





3. indolace- 

HCIandKNOj 

Amyl alcohol 

X552-534 and X505-490. 

turic acid, 
and allowed 
to stand tor 
some time 





Indolpropionic 

Acidified urine 

Amyl alcohol 

X521-496 (very marked) 

aeid(bymouth 

allowed to stand 



and X5o7-537. 

and by injec- 

in contact with 




tion) 

air 





Kj-nurenic acid 

Ether or ethyl 

X527-500. 


precipitated 

alcohol ex- 




from urine 

tract of ky- 




(Capaldi) col- 

nurenic acid 




ored red 

precipitate 




HCI and CaOCl- 

CHCl, 

Xone except in one case 


HCI and FeClj 



when after injection 
on the third day there 
was a band X625-59S 





(indican). 


HClandKNQ. 

Amyl alcohol 


Three well marked 





bands. 


HClandHsO- 

Amyl alcohol 

■ 

X587-561,X5f 6-533, and 


HCI and FeCli 

Amyl alcohol 


X499-4S5 (best mark- 
, ed). 

Tcj-ptophaneCb. 

r HCI and CaOCI* 

CHCI, 

None (no indican). 

mouth and b 

c HCI and Fed j 

CHCl, 

None. 

injection) 

HClandKNOj 

Amvl alcohol 


None ; ill defined brov.-n 


HCI andH-O. 

Amvl alcohol 



HCI and FcClj 

Amyl alcohol 


color. 
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TABLE 11— Concluded. 


Substance admin- 
istered. 

Treatment of 
urine. 

Solvent for 
pigment. 

Absorption bands. 

Formalde h y d e, 
glyoxylic acid, 
and pyruvic 
acid conden- 
sation prod- 
ucts with 

tryptop h a n e 
(by mouth) 

HClandCaOCl. 
HCl and FeCh 
HClandKNOs 

CHClj 

Amyl alcohol 

None. 

None; ill defined brown 
color. 

Isatin (by 
mouth) 

HCl and CaOCl- 
HClandKNOj 

CHCl: 

Amyl alcohol 

1 

None. 

None; ill defined red- 
dish brown color. 


* Normal dog urine, with the diet chosen, gave negative tests for uro- 
bilin, indican, and other pigments with characteristic absorption spectra, 
Rabbit urine was taken and tested for indican and the band measured. 
The absorption band of indican extended from XC24-598. 
t The skatol pigment was fractionally extracted and was separated into 
two components, the one soluble in chloroform-alcohol and the other ir 
amyl alcohol. 
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TABLE in a. 


Absorption Bands of Pigments Derived from Indol Derivatives Previously 
Described by Other Observers. 


Substance. 

Observer. 

Absorption bands. 

Indolaldehyde (with 

Ellinger 

X5«}-530 aiidX490-4S0. 

HCl) 



Indolacetic acid 

Salkowski 

X550-530. 


TABLE III b. 

Absorption Bands of the Pigments Obtained from Reactions vrith Urine Pre- 
viously Described by Other Observers. 


Substance, 

Observer. 

Absorption bands. 

Indican 

Bouma 

De Kegri 

X630-590. 

X620-559. 

Indirubin 

Bouma 

De Negri 

Rosin 

X562-527. 

X580- 535. 

X5S9-474 (maximum 57S). 

Uroerythrin 

MacMunn 

Garrod 

X546-481. 

In presence of HsSOi X5S6- 
552; in presence of HCI 
X60S-517. 

In alcoholic solution X546- 
520 and X506--4S1 . 

1 

UrohematoporphjTin 

Garrod 

In acid solution: 

X597-5S7 ; X576-570; X557- 
541. 

Urorosein 

Garrod and Hopkins 

Rosin 

Nencki 

X561-540; in CHCU X5S2.5- 
550. 

X53S (maximum). 

X557 (maximum). 

Skatol red 

Brieger 

Porcher and Her- 
vieux 

X577-550. 

X577-550. 
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TABLE IV. 


Pigments Exhibited by a Few of the Pathological Urines Submitted for 

Investigation* 


Case. 

Urobilin. 

Indican. 

Other pigments after Ircnt- 
mont with KNO2 and HCI. 

Chlorosis 1 

Yes 

Yes 

X573-546 (urorosein). 

2 

Yes 

Yes 

None. 

3 

Yes 

Very marked 

Ill defined band N524- 
504. 

1 

Pernicious 

Yes 

Vivid reaction 

None. 

anemia 




Pernicious 

anemia 

i 

Yes 

1 

1 

Vivid reaction 
(no oxidizing 
reagent re- 
quired) 

None. 

Cirrhosis of the 
liver 

Yes 

Vivid reaction 

Ill defined band in the 
green. 

Achlorhydrin 

Yes 

No 

X573-540 (urorosein). 

gastrica 1 




An attempt to isolate the chromogen resulted 


in the separation of a substance having an 
absorption 

X552-533 (indolacctic 
pigment). 

Achlorhydrin 
gastrica 2 

Yes 

No 

X552-533 (indolacctic 
pigment). 

Achlorhydrin 
gastrica 2 



X652-534 (indolacctic 
pigment). 

Isolated crystal- 
line residue 



Achlorhydrin 
gastrica 3 

Yes 

No 

X533-524 (? a mixture of 
pigments). 


* If the urines gave a marked urobilin reaction they were treated with 
lead acetate before being tested for the presence of indol pigments. 1 
the urines contained the chromogen of indican, after oxidation with nitrite 
and acid, thej' were repeatedlj'" extracted with chloroform to remove this 
pigment be''ore being extracted with amyl alcohol. 
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PHANE CONTENT OF PROTEINS, INVOLVING THE 
USE OF BARYTA AS A HYDROLYZING AGENT. 

By ANNIE HOMER. 

(From the Usler Institute, London, and the Departments of Biochemistry and 
Pathological Chemistry, University of Toronto.) 

(Received for publication, July 9, 1915.) 


INTRODUCTION. 

A. Historical. 

At the time that the work described in this paper was started 
there were very few data as to the amounts of tr^-ptophane present 
in proteins, and for the lack of such data their trj’ptophane con- 
tent was usually represented as positive or negative. 

Hopkins and Cole,* the first investigators to isolate trj’ptophane from 
a protein digest, weighed the substance in the crj’stalline form and found 
that 1.5 per cent of tryptophane could be obtained from pure casein. 
Osborne and Harris’ made use of Hopkins and Cole’s glyoxj-lic reaction 
to find the relativ'e amounts of tryptophane present in various vegetable 
proteins. Their observations were of a qualitative rather than a quanti- 
tative nature. 

Levene and Rouiller’ suggested that for the estimation of the trypto- 
phane content of proteins, the digestion mi-vtures, made 5 per cent acid, 
be treated with mercury sulphate reagent; the mercury sulphate precipi- 
tate containing tryptophane be decomposed in the way described by Hop- 
kins and Cole; and the tryptophane in solution be estimated bj' direct 
titration with bromine water in the presence of amyl alcohol. The dis- 
appearance of the characteristic purple color was taken by them as an 
iridication of the end of the reaction. They published data with regard 
to the estimation of trj'ptophane in presence of tyrosine and evstine; 

' Hopkins, F. G., and Cole, S. Vi., Jmir. Physiol., 1901-02, xxr-ii, 4IS. 

’Osborne, T. B, and Harris, I. F., Ztschr. f. analyt. Chern., 1901, 
xliii, 376. 

’ Levene, P. A., and Rouillcr, C. A., Jour. Biol. Chem., lOOG-07, ii, 4S1. 

3G9 
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made suggestions as to the method of procedure should these two sub- 
stances be present in the digest; and stated their intention of publishing 
data as to the tryptophane content of proteins; but nothing further has 
been published by them on this subject. 

Fasal^ precipitated the tryptophane in the protein digest by means of 
mercury sulphate reagent and after decomposition of the mercury sul- 
phate precipitate, estimated the amount of tryptophane in the solution 
by means of Hopkins and Cole’s glyoxylic reaction. Using the same 
method he also estimated the percentage of tryptophane in malignant 
tumors.® He published the following figures for the percentage of trypto- 
phane in various proteins: Hammarsten’s casein 0.65 per cent; crude 
lactalbumin 3.07 per cent; and edestin 0.38 per cent. 

Sanders and May® subjected proteins to pancreatic digestion and then 
inoculated the digest with fecal bacteria and colorimetrically estimated 
the indol thus produced. Their method assumes that the tryptophane 
is completely converted into indol, but such is not necessarily the case; 
a certain proportion of skatol and other derivatives of indol will always 
be simultaneously formed. 

Herzfeld^ has taken the tryptic digest of proteins and has colorime- 
trically estimated the tryptophane present in the digest by means of p- 
dimethylaminobenzaldehyde. He compared the color produced by the 
interaction of this reagent and tryptophane with the color of a solution 
of ammoniacal copper sulphate previously expressed in terms of a solution 
of pure tryptophane similarly treated with p-dimethylaminobenzaldehyde. 

The writer of this paper adopting Herzfeld’s directions has investigated 
the color reactions of various indol derivatives with this reagent, and has 
ascertained that the production of a blue color is not specific to trypto- 
phane. A similar blue color is produced by indolacetic, indolaceturic, 
and indolpropionic acids and by skatol : indolaldehyde and indolcarbo.xylic 
acid give a greenish blue color while indol under the same conditions gives 
a red color ultimately changing to purple. Under the conditions given by 
Herzfeld in another paper® the red color of indol with this reagent does not 
change. 

Herzfeld has estimated the tryptophane content of about 20 proteins 
and amongst others he quotes: casein 0.51 per cent; edestin 0.58 per eent; 
lactalbumin 0.91 per cent; Witte’s peptone 1.25 per cent. 

It will be noticed that these numbers for casein are lower than those 
given by Fasal and by Hopkins and Cole. Herzfeld’s low results may be 
due to the fact that he worked with small quantities of the respective 
proteins (0.1 gm.) and that he continued the digestion for twenty-four 
hours only, and further, that he made use of a color reaction not specific to 


■* Fasal, H., Biochcm. Zlschr., 1912, xliv, 392. 

® Fasal, ibid., 1913, Iv, 88. 

® Sanders, J. A., and May, C. E., Biochcm. Bull., 1912-13, ii, 373. 
^ Herzfeld, E., Biochcm. Zlschr., 1913, Ivi, 259. 

® Herzfeld, loc. cit., 82. 
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tr>-ptophane. Hopkins and Cole showed that the maximum yield of 
tryptophane was obtained after seven to ten days digestioni a fact recog- 
nized and appreciated hy Plimmer and Eaves* in their estimation of tjwo- 
sine in protein digests. The result given by Fasal for casein is much 
lower than that given by Hopkins and Cole who actuall3* isolated trypto- 
phane in the crystalline form. It is a matter of common experience to 
obtain a 1 per cent jneld of tryptophane from commercial casein. FasaTs 
numbers were based on colorimetric reactions involving the use of gly'- 
oxj’lic acid. From the author’s observations on the factors affecting the 
color reaction in question'* it is conceivable that the discrepancy between 
the figures quoted bj' Fasal and by Hopkins and Cole was due to the inter- 
ference of other substances of an indol nature thrown down by the pre- 
cipitating reagent. 

Finally Elizabeth Kurchin," using Herzfeld’s method, has estimated 
the t yptophane content of normal and pathological kidneys. 

B. Method Adopted in the Present Investigation. 

It is a matter of common experience that tri^ptophane can not 
be isolated in any appreciable extent from the products formed 
during an acid hydrolysis of proteins and for this reason in most 
of the previously described methods the protein has been hydro- 
lyzed by trypsin. As the use of trypsin is accompanied by many' 
disadvantages it seemed worth while to ascertain whether any 
other hj'droly^zing agent could be used with any degree of satis- 
faction; it was foimd that baryta answered the purpose. 

In the method for the estimation of the tryptophane content 
of proteins which is advocated in this paper the protein is hydro- 
lyzed with baryta water. After the removal of the baryta with 
sulphuric acid the protein digest, made 5 per cent acid with sul- 
phuric acid, is precipitated with mercury sulphate reagent. The 
precipitate is decomposed and the filtrate from the mercury' 
sulphide is freed from substances likely' to absorb bromine. The 
tryptophane content of the final solution thus obtained is esti- 
mated by' titration with solutions both of nascent and of molec- 
ular bromine preriously' standardized against solutions of pure 
recrystallized tryptophane. 

The determinations of the percentage of tryptophane in casein 
by' the method described in this paper were made in the spring 

’ Plimmer, R. H. A., and Eaves, E. C., Biochem. Jour., 1913, vii, 297. 

■'Homer, A., ibid., 1913, vii, 101. 

“ Kurchin, E., Biochcm. Zlschr., 1914, Ixi', 451. 
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and autumn of 1913 ; the publication of the results has been 
delayed as it was desired to ascertain whether indol derivatives 
likely to be formed in the digest would be precipitated by the 
mercury reagent, and if so to what extent their formation would 
affect the determinations. It w'as also desired to make various 
quantitative experiments on the action of acids and alkalis on 
tryptophane. 

The estimation of the tryptophane content of casein by a 
method involving the use of baryta as the hj’^drolyzing agent, 
of mercury sulphate as the precipitant for the tryptophane 
liberated during the h3'^drolysis, and of bromine for the final 
estimation of the tryptophane in solution, therefore resolved 
itself irrto the following considerations: 

I. The absorption of br-ornine bj-^ tryptophane in aqueous 
solution. 

II. A studj’’ of the extent to which substances other than trypto- 
phane are precipitated bj'- mercur3'’ sulphate reagent and of the 
bromine capacity of the substances thus precipitated which are 
likely to appear in the final solution for estimation. 

III. The estimation of the tryptophane content of the hydroly- 
sis mixtures involving: a. The treatnrent of the alkaline digests 
so as finally to obtain for brominatiorr a solution containing the 
tr3'’ptophane and as free as possible from other substarrees likely 
to absorb bromine, b. The estimation of the tryptophane'eon- 
tent of the final solutions b3^ a determination of the ratio of 
their absorption of bromine to that of a solution of pure recr3's- 
tallized tryptophane under the same experimental conditions. 

IV. The action of acids and alkalis on tr3rptophane. 

Section I. The Estimation of the Bromme Absorption of Trypto- 
phane in Aqueous Solution. 

The following solutions were required for the estimations: 

A. Solutions of tr3'^ptophane prepared by dissolving kirown 
weights of the substance in known volumes of water. 

B. A saturated solutiorr of bromine in water. This solution 
was standardized (every time used) against potassium iodide 
and a standard solution of thiosulphate. 

C. Solutions of nascent bromine prepared b3' the interaction 
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(in presence of acid) of aliquot parts of the following; a solution 
of sodium bromate containing 15.1 grams per liter and a solution 
of sodium bromide containing 51.5 grams per liter. 

10 cc. of each of these solutions were measured into stoppered 
bottles and 5 cc. of concentrated h 5 'drochloric acid were added. 
After standing for some time there was added an excess of a solu- 
tion of potassium iodide, and the liberated iodine was titrated 
with a standard solution of thiosulphate. The bromine value 
of the mixture of bromide and bromate was thus made. 

D. A standard solution of thiosulphate (to) •' a 10 per cent solu- 
tion of potassium iodide, and a freshl 3 ' prepared solution of starch. 

Method of Procedure. — Accuratelj'' weighed amounts of trj'pto- 
phane were dissolved in known volumes of distilled water and 
aliquot parts of the solution were measured into stoppered flasks 
and treated with a knonm excess of an aqueous solution of brom- 
ine, or with a known amount of nascent bromine liberated bj' the 
addition of 5 cc. of concentrated hj-'drochloric acid to the mixture 
of the previously measured volumes of sodium "bromate, bromide, 
and tr 3 T)tophane solutions. The flasks were tightlj' corked and left 
at room temperature for fixed periods of time. Excess of a 10 per 
cent solution of potassium iodide was then added, and the flasks 
were recorked and allowed to stand for at least fifteen minutes. 
The iodine, representing the excess of bromine, was estimated bj- 
titration with standard thiosulphate solution. The difference 
between the amount of bromine originallj' added to the solution 
and the unabsorbed bromine finally titrated represents the brom- 
ine absorbed by the substance. 

In these determinations the use of a thermostat is to be recom- 
mended as it was found that the bromine absorption of solutions 
of pure trj’ptophane at room temperature during a given period 
of time was greater in summer than in winter seasons of the j'ear 
(England) ; further, to ensure constant values for the absorption 
of bromine it is necessarj’’ to have considerable excess of bromine 
and to adhere rigidlj"^ to a definite time for the reaction to take 
place; a variation in the time of the reaction is accompanied bj' 
slight variations in the absorption of bromine bj' a given weight 
of the substance. 

It has been stated bj' Plimmer and Eaves that imder the con- 
itions emploj-ed bj’- them, one molecule of tr 3 'ptophane absorbs 
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about six atoms of bromine. My results (Table I) indicate a 
greater absorption; one molecule of tryptophane absorbs about 
eight atoms of bromine, although there are indications that its 
bromine capacity is higher still. In the initial stages there is rapid 
absorption of bromine but the rate of absorption soon falls off 
and, as would be expected, complete saturation does not take 
place for some time. It will also be seen that the bromine ab- 
sorption with molecular bromine is slightly higher than with 
nascent bromine. 

From these results it is obvious that the absorption of bromine 
by tryptophane in aqueous solution takes place in stages and 
that in the complete saturation of the substance with bromine 
the time and temperature of the reaction must be taken info 
account. 

Section II. The Use of Mercury Sulphate Reagent as a Precipitant 
and the Extent to Which the Substances Other than Trypto- 
phane Precipitated Therewith Will Absorb Bromine. 

The mercury sulphate reagent‘s according to Hopkins and 
Cole precipitates tryptophane, cystine, tyrosine to a certain 
extent, polypeptides, and other incompletely hydrolyzed prod- 
ucts. Of these, tryptophane, tyrosine, and polypeptides will 
absorb bromine: there is conflicting evidence as to whether cystine 
absorbs bromine or not. Levene and Rouiller^ consider that it 
does, whereas Plimmer and Eaves,® in view of the work of Knoop’® 
on the absorption of bromine by amino-acids in digests, do not 
regard cystine as a factor to be considered in the bromination of 
protein digests. However, cystine, although precipitated by the 
mercury reagent, can not interfere because it is destroyed b}'^ the 
alkaline hydrolysis. To make quite sure of this point 300 cc. of 
the solutions as finally prepared for estimation with bromine were 
treated with zinc and hydrochloric acid, and the reduced liquid 
was tested for the presence of cystine by means of the sodium 
nitroprusside and the ferric chloride color reactions. Negative 
results were obtained, thus showing that after a baryta hydrolysis 

10 per cent mercury sulphate in 5 per cent sulphuric acid. 

Knoop, F., Beitr. z. chem. Phys. u. Path., 1908, .\i, 356. 



TABLE I. 


The Absorption of Bromine by Tryptophane in Aqueous Solution. 


Weight of lo'ptoph^e in 
volume ot solution 

taken. * 

Time 
of re- 
iction. 

Weight of brOTSiioe 
added. 

Weight of 
bromine 
rcjsidual. 

Brora 

3bsojh< 

I gm. 

of trypt 

ioe 

dby 

1 cm. 
rnolec- 
iilar 
TTfigbt 

apfcane- 


irAn, 

grt. 

gn. 

grt. 


MeanresuUs. 

Room temperature 
(summer). 

May 





671 

0.0648 

30 

0.4901 (nascent) 


3.29 

June 






0.03II 

30 


0.3859 

3.31 

673 

August 






0.0311 

30 

0.4SS4 (nascent) 

0.3848 

3.33 

679 

October 






0.0311 

30 



3.30 

673 

May 





700 

O.O&IS 

30 



3.43 

June 






0.0467 

30 

0.1935 (molecular) 


|2S!| 

673 

July 






0 0648 

30 



3.41 

696 

October 






0.0311 

30 

0.1290 (molecular) 


3.3S 

690 

Room temperature 
(winter). 






0 02255 

mi 

0.2301 (nascent) 


3.02 

616 

0 02255 

45 

0-2301 


3.16 

645 

0 02255 

60 

0.2301 


3.21 

654 

0 02255 

2 hrs 

0.2301 


3.23 

659 

0 02255 

4 hrs 

0.2301 


3.35 

6S3 

Temperature of reaction 
17°C. 






0 0624 

Kl 

0.4602 

0.2732 

3.00 

60S 

0.04D92 

2 hrs 

. 0.2301 

Q.0711 

3.19 

650 

0 61721 

4 hrs 

. 0.46S3 

0.3122 

3.31 

675 

0 04721 

7 hrs 

. 0.4683 

0.30S5 

3.40 

093 

0 04721 

S hrs 

. 0 2301 

0.0723 

3.34 

6S1 

Temperature of reaction 






17'C. 






0 0500 

30 

0.4720 

0.3213 

3.00 

60S 

0 0500 

1 hr. 

0.4720 

0.3136 

3.17 

647 

0 0500 

2 hrs 

. 0.4720 

0.3116 

3.21 

655 

0 0500 

4 hrs 

. 0.4720 

0.3037 

3.36 

6S5 

0 0500 

6 hrs 

. 0.4720 


3.47 

70S 

0 0500 

8 hrs 

. 0.4720 '• 

0.2990 

3.46 

706 
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of proteins and subsequent precipitation with mercurj' sulphate 
reagent there is no cystine in the precipitate. 

It was found that solutions of indol, skatol, indolaldehyde, 
indolcarboxjdic, indolacetic, indolpropionic acids, trjqjtophane, 
and the various additive compounds of tryptophane'^ when 
dissolved in 5 per cent sulphuric acid were all precipitated by 
mercury sulphate reagent. Further, it was found that all these 
compounds would absorb bromine under the conditions employed 
for the estimation of tryptophane. 

In the case of tryptophane it has been shown (Table I) that the 
bromination is affected by conditions of time and temperature. 
The same is probably true for the absorption of bromine by 
other indol derivatives, but unfortunately, owing to scarcity of 
material, it was impossible to do similar time experiments with 
regard to their absorption of bromine: their bromine absorption 
after half an hour’s reaction was investigated, as this was the 
time chosen for the bromination of the solutions obtained from 
the protein digests. 

The solubility of indol, skatol, indolaldehyde, and indolcarbox- 
ylic acid in water is so slight that it was impossible to get reliable 
data as to their bromine capacity under the conditions adopted 
for the bromination of the final solutions obtained from the 
protein digests (Section III). Bromination cf weighed amounts 
of the solids themselves did not yield concordant results. 

Solutions of indol and skatol in absolute alcohol were bromin- 
ated: the bromine absorption of a volume of alcohol corresponding 
to that used in the titrations of indol and skatol was estimated 
and deducted from the value for the bromine absorption of the 
solutions: again no concordant results could be obtained. 

In another series of experiments the indol and skatol were 
dissolved in a small volume of absolute alcohol (25 cc.) and the 
solution was diluted with water to 100 cc. Aliquot parts of these 
solutions were treated with bromine and a correction was mtro- 
duced for the bromine absorption of the alcohol. It is with diffi- 
dence that the results are published : the author does not consider 
that much reliance can be placed in them, they merely serve to 
show the order of the bromine absorption of these substances. 

The following results were obtained: 


Homer, loc. oil., 117. 



Ajinie Homer 


377 


table n. 


The Absorption of Bromine by Aqueous-Alcoholic Solutions of Indol and 

Skatol. 


Weight of substance 
m solution. 

Weight 
of bromine 
added. 

Weight 
of residual 
bromine. 

1 

Weight 
of bromine 
used by 
volume of 
solvent 
token. 

Weight of bromine 
at^rbed by 

1 1 gm. 

1 gm. 1 molecular 

1 weight 

1 of substance. 

i — ■ 

Mean results. 

! 

(Nascent) 


[ 


i 

gm. 

gm. 

gn. 

1 grt. 


gn. 

Indol 


i 




0.03&4 





414 

0.0402 


0.2965 

0.0745 


402 

Skatol 






0.0.3045 

0.4^ 

0.3128 

0.0745 

2.66 

348 


The bromine absorption of indolacetic and indolpropionic 
acid in aqueous solution was also measured and the results hare 
been embodied in Table III. 


TABLE III. 

The Absorption of Bromine by Indolacetic and Indolpropionic Acid in Aque- 
ous Solution . 


Wcicht of substance in 
volume of solution 
taken. 

Weight 
of brom'oe 
added. 

i 

Weight 
ot residual 
bromine. 

Bromine absorbed by 

1 1 gm. 

1 gm. 1 molecular 

1 weight 

1 of substance. 

Mean results. 

Time of reaction 
30 min. 

gn. 

Indolacetic acid 

1 

! 

gm. 

gn. 

gn. 

i 

gm. 


0.4856 

0.34S3 

3.40 

595 


0.3793 

0.2402 

3.43 

600 

Indolpropionic acid 

0.0100 

0.4856 

0.340S 

3.62‘ 

674 

0.0401 

0.46S3 

0.3358 

3.30 

623 

0.0227 

0.2295 

0.1583 

3.13 

591 


the fact that a small amount of sodium carbonate solution had been 
added to dissolve the acid. 
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Section III. The Baryta Hydrolysis of Casein and theEstimalion 
of the Tryptophane Liberated Therein. 

a. The Preparation from the Hydrolysis Mixture of theSohtm 
for Estimation with Bromine. 

100 grams of casein were treated with 350 grams of barium 
hydrate in 2.5 liters of water, and the mixture was heated on a 
water bath for periods varying from twenty to one hundred and 
twenty hours. The baryta was removed by slight excess of 
sulphuric acid and the liquid filtei'ed. The filtrate was made 
5 per cent acid with sulphuric acid, treated with an excess of mer- 
cury sulphate reagent and allowed to stand for forty-eight hours. 
The mercury sulphate precipitate may contain tyrosine, cystine, 
various incompletely digested protein substances, and other indol 
derivatives as well as tryptophane. 

The tryptophane was separated from the other substances 
present in the mercury sulphate precipitate and likely to absorb 
bromine by the following process: The precipitate, after having 
been freed from tyrosine by repeated washing with 5 per cent 
sulphuric acid until the washings no longer gave Millon’s test, 
was suspended in 2 per cent sulphuric acid and decomposed with 
sulphuretted hydrogen. The filtrate from the mercury sulphide 
was freed from sulphuretted hydrogen and while still acid (ap- 
proximately 2 per cent) was treated with a solution of phos- 
photungstic acid with avoidance of excess. After standing, the 
precipitate of polypeptides, etc., if any, was filtered off; the 
excess of phosphotungstic acid was removed by means of baryta, 
and the latter by means of sulphuric acid. The liquid was again 
tested with Millon’s reagent, and if there were any indications 
of tyrosine the precipitation with the mercury sulphate reagent 
was repeated. In the experiments under consideration it was 
found unnecessary to reprecipitate. 

Cystine, although precipitable by the mercury reagent, can not 
interfere because it is destroyed by the alkaline hydrolysis. 

In view of these observations (Section II) with regard to the 
precipitation of indol derivatives by the reagent it was necessary 
to make tests for the presence of indol derivatives other than trjT)- 
tophane in the solutions for bromination. 
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The following four color tests are in vogue for the detection 
of indol derivatives in solution: 

1. The glyoxylic reaction originally employed as a specific 
test for trjTJtophane, is given by all indol derivatives although 
the actual shade of color produced varies considerablj^.^° 

2. The purple color reaction with bromine water is specific to 
tryptophane and, under certain conditions, for its additive com- 
pounds. The other indol derivatives absorb bromine but do not 
give any characteristic color reaction with this reagent. 

3. Sodium nitrite and hydrochloric acid give color reactions 
with all indol derivatives. Indol, skatol, indolaldehj'de, indol- 
carboxylic acid, indolacetic, indolaceturic acids treated with 
these reagents give color reactions which are characterized by 
well defined absorption bands, whereas indolpropionic acid ^ves 
no characteristic color under the same conditions.*^ 

4. Indol derivatives treated with Ehrlich’s p-dimethylarnino- 
bemaldehyde according to the directions given by' Herzfeld yield 
characteristic color reactions. Indol gives a characteristic red 
color, and tryijtophane, as shown by' Herzfeld, gives a beautiful 
blue color. However in the present research it was ascertained 
that a similar blue color is given by indolacetic, indolaceturic, 
and indolpropionic acids and by skatol: indolaldehy'de and in- 
dolcarboxylic acid give a greenish blue color. 

The original protein digests and also the solutions finally' 
obtained after the decomposition of the mercury' sulphate pre- 
cipitate were therefore tested for the presence of indol, skatol, 
indolaldehy'de, indolcarboxylic and indolacetic acids, and for 
tryptophane by' the color tests gi%'en above. Indolpropionic acid 
can not be detected in presence of tryptophane except by' extrac- 
tion of the solution -ndth ether, in which ti^'ptophane is insoluble, 
removal of the solvent, and conversion of the residue, if any, into 
the nitroso-derivative. 

If indol, skatol, etc., are present in a digest, presumably' they' 
must have been formed from tryptophane during the process of 
hydrolysis, and they' will be precipitated by' the mercury' reagent 
together with tryptophane. Owing to the slight solubility of 
indol, skatol, indolaldehy'de, and indolcarboxy'lic acid there can 


“ Homer, loc. cii. 
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be, at the most, but traces of these substances in the final solutions 
for estimation with bromine: as regards indolacetic and indol- 
propionic acids their absorption of bromine is so close to that of 
tryptophane (page 377) that for the small amounts present they 
will not appreciably affect the estimation: that is to say, they will 
influence the bromine absorption to the same extent as though 
they had been present as the parent substance, tryptophane. 

As a matter of experience in fourteen hydrolyses wuth baryta 
there were three only of the final solutions which gave any indi- 
cation of the presence of indol derivatives other than trj'^ptophane. 
Of these, two indicated traces of indol, and one traces of indol- 
acetic acid. Moreover, that there could not have been any 
appreciable conversion of tryptophane into derivatives not 
appearing in the final solutions is shown by the results obtained 
from the hydrolyses of the same sample of casein for varjdng 
periods of time (page 381) and from the results of the hydrolyses 
of pure tryptophane. 

b. Estimation of the Tryptophane Content of the Solutions Obtained 
after the Decomposition of the Mercury Sulphate 
Precipitates, etc. 

An aliquot part (50 cc.) of the solution for estimation was 
treated with excess of nascent or molecular bromine of known 
strength and the unabsorbed bromine estimated by means of 
potassium iodide and standard thiosulphate solution. The 
bromination was carried out in well stoppered bottles fitted with 
ground glass stoppers or with tightly fitting waxed corks. The 
bromine absorption of the solutions was compared with that of a 
freshly prepared solution of pure recrystallized tryptophane 
treated with the brominating solutions under comparable con- 
ditions of time and temperature; from these observations 
the tryptophane content of the hydrolysis mixtures could be 
calculated. 

It was found that concordant results could be obtained if the 
conditions as indicated above (page 373) were kept constant 
during each series of experiments. 

Samples of commercial casein obtained from three different 
firms were hydrolyzed with baryta and the hydrolysis mixture was 



Annie Homer 


381 


treated in the manner described above to ascertain (a) the trypto- 
phane content of the protein by the method under investigation 
and to see how it compared with the values given by other obsen-- 
ers; (/S) the length of time of h3'drolysis for a maximum jdeld 
of tryptophane: and (r) to what extent further hj'drolj'sis would 
lead to a diminution of tr^-ptophane in the final solution. 

The results of the determinations have been embodied in Table 
IV and in each case the mean results of a series of observations 
have been given. 

TABLE IV. 


The Tryptophane Content of Commercial Casein as Estimated by the Method 
Described in This Paper. 


Sim- 

ple. 

Weight 
of casein 
talcen. 

Time of 
hydrolysis 

Volume 
of 6aal 
solution. 

Bromine at 
final so! 

fa) 

Nascent, 

>sorbed by 
lution. 

lb) 

Molecular. 

Bromine 
absoibcd by 

1 gm. tryp- 
tophane 
under the 
same 

conditions- 

Trypto- 
ph^e 
content of 
IDO gm. 
casein. 


en. 

hrt. 

cc. 

ffm. 

ffrt. 

ffrt. 

ffm. 


200 

40 

j 500 

1 10.45 


3.30 

1.59 

B (1) 


20 


3.24 


3.29 

0.99 






3.64 

3.44 

1.06 

(2) 




3.41 


3.29 

1.04 






3. So 

3.44 

1.1 

(3) 


60 


3.41 


3.29 

1.04 






3.75 

3.44 

1.09 

(4) 


SO 


3.41 


3.29 

1.04- 






3.88 

3.44 

1.13 

Cd) 

100 

^^9 

1000 

4.07 


n 

n 

(2) 

100 

III 

1000 

4.07 


H 



An c.\-amination of the results given in Table IV shows that 
except for Sample A the percentages of trj-ptophane indicated 
are all lower than those given by Hopkins and Cole but higher 
than those given by Fasal and by Herzfeld. Hopkins and Cole 
obtained 1,5 grams of tiyptophane from 100 grams of Hammar- 
sten s pure casein; but to the best of mj’ knowledge their average 
jiold from commercial casein was not much more than 1 per cent. 

From the determinations made with Sample B it appears that 
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the length of time suitable for a complete separation of trypto- 
phane from casein is about fortj'^ hours. 

That there could not have been any appreciable loss of trypto- 
phane due to the formation of indol derivatives or other com- 
pounds not present in the final solution is evidenced first by 
the results obtained from the hydrolysis of the same sample 
(Sample B) for varying periods of time and secondly, by the fact 
that duplicate hydrol 3 ''ses of Sample C conducted for the same pe- 
riods of time and treated separately have given concordant results. 

The solutions for estimation with bromine were all tested for 
the presence of indol derivatives (possibly precipitated by the 
reagent) : where detected they were present as traces only. 

The advantages in favor of the use of the above described 
method for the estimation of the tryptophane content of proteins 
are: 

1. The ease with which the hydrolysis can be conducted. 

2. The fact that the tryptophane does not tend to disappear 
during the hydrolysis. 

3. The values obtained for casein are nearer those obtained by 
Hopkins and Cole, who actually isolated and weighed the trjirto- 
phane, than those given by investigators using colorimetric methods. 
In any case the values obtained in this research, in view of the 
possible formation of decomposition products from tryptophane 
and their subsequent loss in the processes employed, are doubtless 
too low rather than too high. 

4. The method is proving of the utmost service in a series of 
experiments in which the action of tissue enzymes on tryptophane 
is being studied. 

From the consideration of the question of the possible destruc- 
tion of tryptophane by prolongation of the time of digestion of 
the protein with baryta I was led to a .consideration of the action 
of alkalis and acids on pure tryptophane. 

Section IV. The Action of Acids and Alkalis on Pure Tryptophane, 
a. The Action of Acids on Tryptophane. 

It is a matter of common experience that tryptophane can not 
be estimated in any appreciable quantity from the products 
formed during an acid hydrolysis of tryptophane. 
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The following experiments demonstrate this clearly: 

1. 100 grams of casein were heated with 150 cc. of a 25 per 
cent solution of sulphuric add for periods of 1, 2, 4, 8, 12, and 20 
hours. Baryta was used to remove the acid and after filtration 
of the barium sulphate the filtrate was made 5 per cent acid with 
sulphuric acid and treated with mercury sulphate reagent. After 
washing the precipitate free from tyrosine it was found that in 
each case there was little more than a trace of precipitate left on 
the filters, at any rate not suflnicient for estimation. 

Thus at no period of the digestion was tiy^ptophane present 
in anj’ appreciable quantity. 

In order to ascertain whether the poor jdeld of tcj-ptophane in 
an acid hj^firplysis is due to the direct action of acid on the sub- 
stance as soon as it is liberated from the protein molecule the 
following experiments were made with pure trjqitophane. 

2. 25 grams of pure tryptophane dissolved in 150 cc. of a 25 
per cent solution of sulphuric acid were heated on a sand bath 
for forty-two hours. The acid was removed bj' baiyta and after 
filtration of the barium sulphate, removal of the last trace of 
barjiia or of acid, the liquid was evaporated to crj'stallizing point 
and 12.5 grams of tryptophane were recovered. The recover}- 
of so much tryptophane showed that the decomposing action 
of the acid had been slight. 

In two other experiments 5.5 and 10 grams of trj-ptophane, to 
each of which had been added 1 gram of ferric sulphate, were heated 
on sand baths with 100 cc. of a 25 per cent solution of sulphuric 
acid for twenty-one and twenty-four hours respectively. The 
reacting liquids became deeply pigmented and in neither case was 
it possible to recover any tryptophane nor was any indol deriva- 
tive isolated from the gumm}- residues although they both gave 
a marked glyoxj-lic color reaction. 

3. Small weighed amounts of pure tr}-ptophane were treated 
(a) with 25 per cent sulphuric acid alone, (b) with 25 per cent 
sulphuric acid in presence of a small amount of ferric sulphate, 
and (c) -with the acid in presence of small amounts of copper sul- 
phate. At the end of the time allowed for the reaction the liquids 
were made slightly alkaline with barj-ta, filtered, the precipitates 
well washed, and the filtrate after the removal of the barj-ta 
was made up to a certain bulk (Solution A). 
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An aliquot part of Solution A was made 5 per cent acid and 
after filtration from barium sulphate was precipitated with 
mercury sulphate reagent. The mercury sulphate precipitate 
was treated in the usual way (page 378) and the resulting neutral 
solution made up to a known volume (Solution B) aliquot parts 
of which were treated with nascent bromine. 

The other portion of Solution A was made slightly alkaline 
with baryta and steam distilled. Both distillate and residue 
were tested colorimetrically for the presence of indol derivatives; 
the tests were negative. 

In some cases the bromine absorption of both Solutions A and B 
was estimated with a view to ascertaining whether after the 
hydrolysis of tryptophane with acid there were present in the 
digest substances which absorbed bromine but which were not 
precipitated by the mercury sulphate reagent. 

An examination of Table V shows that the bromine capacity 
of Solution A when estimated directly is considerably higher 
than can be accounted for by the tryptophane precipitated as 
the mercury sulphate compound and estimated in Solution B. 
It is thus obvious that there are formed during an acid hydrol- 
ysis of tryptophane substances which absorb bromine but which 
are not precipitated by the mercury sulphate reagent. 

It is also evident that acid alone has a slow action on pure 
tryptophane whereas in the presence of an oxygen carrier there 
is considerable decomposition of the. substance; for the same 
period of time the effect of a salt of iron is somewhat more marked 
than that of a salt of copper. The rate of decomposition, how- 
ever, does not provide a simple explanation of the disappearance 
of tryptophane in acid digests. 

Some observers consider that during an acid hydrolysis of 
tryptophane an internal anhydride is formed, but from the 
evidence adduced in this paper (Section II) it is clear that so long 
as the indol ring remains intact, it should be precipitated by 
mercury sulphate reagent and should absorb bromine. 

The results recorded above demonstrate the presence of sub- 
stances in the hydrolysis mixture which absorb bromine but 
which are not precipitated by the mercury sulphate reagent. 
It may be that the tryptophane newly split off from the protein 
molecule is very susceptible to chemical reaction, and it is con- 
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TABUS V. 


The Action of 25 Tper cent Sulphuric Acid on Pure Tryptophane. 


Kind of metalUc salt 
added. 

C 

o 

el 

*3 

o 

c 

g 

'e. 

o 

c. 

*0 

> 1 

O 

*3 

e 

o 
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■© ' 
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1 
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c 

CO 
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14 
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£5 
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III 
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s: c c. 
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c 
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«o 

o 
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|l 
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^2 
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jO 

"o 

V2 

*o 

a 

o 

o 

u 

o 

c 

o' 1 
>% 

*0 

9 

a 

O 

5 

*c. 

o 

c. 

"c 

V' B 

c * 

a 


gm. 

(jm. 

frs. 

pm. 

pn. 

pm. 

pm. 

percent 

(a)- 

2 

— 


6.3S 

6. 58 


1.99 

0.5 

(b) FeifSOdr 

1.5 


17 

4.70 

3.78 

3.30 

1.14 

23 


2 



4.84 

3.84 

mSi 

1.16 

42 

(t 

1 

1 



0.74 

H 

0.25 

75 

(c) CuSOr 

1 

1 

40 

■ 

m 


0.35 

65 


Solution A was the hydrolysis mixture after the removal cf acid and 
metallic salt. 


Solution B was prepared from the decomposition of the mercury sul- 
phate precipitate thrown doum from an aliquot part of Solution A and 
represents the tryptophane content of Solution A. 

ccivable that during an acid hydrolj'sis of protein some product 
of hydrolysis acts as an oxv'gen carrier, or it may be that the 
other amino-acids serve as catalysers and induce the destruction 
of the trjTJtophane as quickly as it is split off from the complex 
molecule of the protein. 

b. The Aclion of Baryta on Pure Tryptophane. 

Before the completion of this research Herzfeld® had published 
the results of his observations on the action of alkalis on proteins 
and on tryptophane itself. He hydrolyzed small quantities of 
protein and of trj-ptophane itself with different alkaline solutions. 
After distilling the hydrolysis mi.xtures, he estimated the indol 
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in the distillate. His results showed that there is slight produc- 
tion of indol from the action of water, more from the action of 
0.5 per cent sodium carbonate solution, and a considerable amount 
from that of a 9 per cent solution of caustic soda in presence of 
copper sulphate. He states that the indol in the distillates from 
the baryta hydrolysis is even less than from the hj'^drolysis with 
0.5 per cent sodium carbonate. 

My experiments on the action of baryta on tryptophane and 
on tryptophane in presence of ferric salts recorded in this paper 
had been done before the appearance of Herzfeld’s paper. Since 
then I have also tried the action of baryta on tryptophane in 
presence of copper sulphate. The results of my experiments 
confirm the observation of Herzfeld, although he estimated the 
indol production, whereas I estimated the tryptophane content 
of the hydrotysis mixtures. It will be seen that after forty 
hours’ hydrolysis there has been practically no loss of tryptophane, 
and even in the pre.sence of salts of iron and copper the loss was 
not veiy marked. 

As in previous cases the hydrolysis mixtures after being freed 
from baryta and from copper or iron were made up to a known 
volume (Solution A). An aliquot part of Solution A was precipi- 
tated with mercury'- sulphate reagent and the remainder was 
used for colorimetric tests. 

The mercury sulphate precipitate was decomposed in the usual 
way and the filtrate made up to a known volume. Solution B. 
Part of Solution B was estimated for its try’-ptophane content by 
rreans of solutions of nascent broinine: the remainder was used 
for colorimetric tests. 

Of the final solutions, that obtained from the hydrolysis with 
bary'^ta in presence of copper was the only one wdiich showed any 
indication of indol, but even so the intensity of the color reaction 
revealed the presence of traces only. 

In other experiments the hydroly'-sis mixtures were not used 
for precipitation with the mercury reagent but were made slightly 
alkaline with baryta and distilled; the distillates were extracted 
with xydol and tested with p-dimethylaminobenzaldehy'^de; there 
was a distinct indol coloration but the intensity of color given by 
the xy’-lol extract of the distillate obtained from one-half the 
total bulk of the hydrolysis mixture was not as great as that given 
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by 0.005 gram of pure indol dissolved in xylol and treated ■with 
the reagent in the same ■way. It was also noticed that if the 
barj'ta were completely removed from tbe hydrolysis mixture 
and' the latter then made alkaline with sodium carbonate and 
distilled, the intensity of the color reaction of the xjdol extract 
of the distillate was much greater than in the preiious case. This 
obsen'ation is also in confirmation of Herzfeld’s statements. 

It is ob-vious that at the temperature at which the hydrolysis 
of tryptophane with baryta was conducted, there was little 
production of indol. Colorimetric tests failed to reveal the 
presence of other indol derivatives in the hydrolj'sis mixtures 
or in the final solutions for estimation with bromine. 


TABLE VI. 

The Action of Baryta on Tryptophane. 


Kind of 
metaUie snlt 
odded. 

of trypto* 
pbane 
taken. 

Weight 

of 

metatUc 

salt 

added. 

Time of 
hydroly- 
sis. 

Bromlno absorption of 
Solution A cftlculntofi 
from that of Solution 
B. 

*5 c c 

£c.i 

O ^ V 

iSs 
« ^ £ 
lai 
i-§= 

ca 

Tiy-pto- 
phane 
'content of 
hydrolysi 
mixture. 

1 

1 

1 

loss o! 

1 trypto- 
1 pb&ne 
during 
hydroly- 
sis. 

1 


flpr. 

ffm. 

Ar«. 

gm, 1 

gn. 

gn. 

1 per cent 

— 

1 

— 

20 

3.48 

3.30 

1.06 

— 

— 

0.5 

— 

40 

1.50 

3.00 

0.50 

— 

Fc,(S 04 ). 

1 

1 

40 

2.53 

3.00 

0.84 

16 

CuSO^ 

0.5 

1 

40 

1.42 

3.00 

0.41 

18 


Solution A ivas the hydrolj-sis mixture after the removal of baryta and 
metallic salt. 


Solution B was prepared from the decomposition of the mercury sul- 
phate precipitate thrown down from an aliquot part of Solution A and 
represents the tryptophane content of Solution A. 

From the results indicated in Table W it is obtdous that there 
is practically no loss of tiyiitophane during the hj'drolysis -with 
barj’ta even for forty hours. If the hydrolj'sis was conducted 
in the presence of a relatively large amount of metallic salts 
there was less than 20 per cent loss during the fortj’- hours' 
hydrolj'sis. 
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SUAIIMARY. 

The baryta hydroh^sis of proteins, the precipitation of the 
tiyptophane from the hj'^drolysis mixtures with mercury sulphate 
reagent, and the subsequent bromination of the tryptophane 
in solution after the decomposition of the mercury sulphate 
precipitate is advocated as a method for the estimation of the 
tryptophane content of proteins for the following reasons: 

1. The ease with which the hydrolysis can be conducted. 

2. The separation of the tryptophane from the other sub- 
stances precipitated by the reagent is simplified -by the fact that 
cj'^stine is destroyed during an alkaline hj’-drolysis. 

3. Prolongation of the time of hydrolysis does not lead to a 
destruction of the tryptophane split off from the protein complex. 

4. The results obtained by this method for the tryptophane 
content of casein more nearly approximate those of Hopkins and 
Cole who actually isolated the tryptophane in a crystalline form 
than do those of other observers who have based their results on 
colorimetric methods. 

5. The precipitation of tryptophane in solution and the esti- 
mation of the tryptophane content of the filtrate from the de- 
composition of the mercury compound bj'- means of its bromine 
absorption are proving of great service and reliability in experi- 
ments now under progress in which the action of various tissue 
enzjmies on tryptophane is being measured. 

A criticism of the method, one shared by the methods of Fasal 
and Herzfeld and others, can be made, viz., that the reaction 
used in the final determinations is not specific to tryptophane 
but is shared by other members of the indol group. In this case 
the bromine absorption of other indol derivatives present in the 
solutions, presumably formed from tryptophane, wouid not affect 
the final results to any appreciable extent. However, as a matter 
of experience, it has been found that the final solutions do not 
contain more than traces of indol derivatives and, further, that 
the results obtained indicate that there is no appreciable for- 
mation of substances from tryptophane which do not appear m 
the final solutions for estimation with bromine. 

From these considerations we see that, although the value 
obtained for the tiyptophane content of a protein may be some- 
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what lower than the true value, yet it can be taken as the lowest 
value assignable to the protein under consideration. Such values, 
though only appro-vimate, may be of the utmost service in experi- 
ments on nutrition and in the preparation of synthetic diets. 

Finally a separate series of experiments has shown the greater 
resistance of tryptophane to the action of barjda than to the action 
of acids with or without the presence of oxj'gen carriers. 




THE RELATION BETWEEN THE ADMINISTRATION OF 
TRYPTOPHANE TO DOGS AND THE ELIMINATION 
OF KYNURENIC ACID IN THEIR URINE. 

By A^TNIE homer. 

(From the Physiological Laboratories, University of Cambridge, the Physio- 
logical Laboratory, University College, London, the Lister Institute, London, 
and the Departments of Biochemistry and Pathological Chemistry, Uni- 
versity of Toronto.) 

(Received for publication, July 7, 1915.) 

It is known from the work of Willcock and Hopkins' and from 
that of Osborne and MendeP that trjTjtophane is an essential 
constituent of diet for the maintenance of the life of an animal 
and it is generally accepted that there is some close connection 
between tryptophane and blood pigment although up to the 
present this conjecture has not received the support of e.\-peri- 
mental evidence. 

The only direct indication of the fate of this substance in the animal 
body has been furnished by Ellinger’ who showed that in dogs and in rab- 
bits the excretion of kjnurenic acid was increased by the administration 
of tryptophane by the mouth or by subcutaneous injection: in the human 
being there was no excretion of kynurenic acid after the administration 
of tryptophane by the mouth. 

The formation of kynurenic acid from tryptophane presents an inter- 
esting problem, as it involves the conversion of an indol into a quinoline 
compound. Kynurenic acid has hitherto been regarded as 7-hydroxy- 
;S-carbo.\-ytryptophane,' and both Ellinger and Dakin have suggested possi- 
ble ways of formation of the acid from tryptophane. Ellinger regards indol 
glyoxylic acid as an intermediate stage in the conversion whereas Dakin 
considers the formation of indolpjTUvic acid as a prelude to the opening 
of the pjTrol ring thus: 


' Willcock, E. G., and Hopkins, F. G., Jour. Physiol., 1905-07, xxxv, 88. 

* Osborne, T. B., and Mendel, L. B., Jour. Biol. Chem., 1914, xvii, 325. 

» Ellinger, A., Ztschr.f. physiol. Chem., 1904-05, xliii, 325. 

• Camps, R., ibid., 1901, xxxiii, 390. 
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C • COOH 
CH 


But in view of the fact that k 3 niurenic acid has been shown to be Y-hy* 
droxy-a-carboxy quinoline® 

OH 

—COOH 
N 

these suggestions are no longer tenable. However, for the present the 
author is not prepared to offer any suggestion as to the method of forma- 
tion of this compound from tryptophane. 

Before proceeding to certain metabolism experiments, under- 
taken conjointly with Dr. Hopkins of Cambridge, England, in 
which it was desired to obtain some evidence of the way in which 
tryptophane becomes converted into kjmurenic acid in the meta- 
bolic processes of the dog, it seemed advisable to ascertain whether 
the kynurenic acid eliminated represented a complete picture of 
the metabolism of tryptophane in the body or whether a certain 
amount of the tryptophane administered became “side-tracked 
into kynurenic acid while the remainder was utilized in furnishing 
either the energy or the particular compounds necessary for the 
maintenance of the life of the individual. 

With this object in view varying doses of tryptophane were 
administered to dogs of different sizes and ages and the output of 

® Homer, A., Jour. Biol. Chem., 1914, xvii, 509. 
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kynurenic acid in the urine 'was estimated by Capaldi’s method® 
as follows ; 

The urine was treated with half its bulk of a 10 per cent solution of 
barium chloride to which had been added 5 per cent concentrated am- 
monia. After standing for half an 'hour the liquid ivas filtered and the 
filtrate evaporated to half the bulk of the original volume of urine taken 
for the estimation. The residual liquid was decomposed with a 4 per cent 
solution of hydrochloric acid and allowed to stand for a period of sixteen 
to twenty-four hours. The crj'staUine precipitate was filtered, washed 
with dilute hydrochloric acid, dissolved in ammonia, and the excess of 
ammonia removed by evaporation on a water bath. The solution of kjmu- 
renic acid in ammonia was then trpated with a 4 per cent solution of hydro- 
chloric acid and allowed to stand for six hours. The cr 3 -stalline precipitate 
was filtered through a Gooch crucible, washed, dried at 110 C., and weighed. 

In one series of determinations (Table I a) in which a dog was 
being fed on lean meat 'and in which, during the preliminary 
period the dog was excreting traces only of kynurenic acid, it 
was noticed that, in the period after the removal of the tr^iito- 
phane from the diet, there was apparently an appreciable amount 
of kynurenic acid being excreted. An examination of this sup- 
posed kjmurenic acid showed that the substance was practically 
pure uric acid. 

It was evident that the determination of kjmurenic acid in the 
urine by Capaldi’s method could not be rehed upon in presence 
o! uric acid. In order to get a true idea of the amount of k3'nu- 
renic acid in the urine it was necessary therefore, either to modify 
Capaldi’s method so as to eliminate the possible contamination 
of the precipitate with uric acid, or te make separate estimations 
of the uric acid content of the Capaldi precipitates, or to choose 
a diet for the dogs on which thej" would excrete an amount of 
uric acid insufficient to interfere with the estimations. 

In one series of experiments (Table I b) in which a dog on a 
meat diet was given constant doses of trjptophane, the kj-nu- 
renic acid (admixed with uric acid) was estimated by Capaldi’s 
method (pptes. A) and the mic acid content of the precipitate 
was estimated as follows: 

The kynurenic-uric acid precipitates (pptes. A) were dissolved in am- 
monia and the excess of ammonia was evaporated off on the water bath. 


‘ Capaldi, A., Zlsehr.f. physiol. Ckem., 1S97, xxiii, 92. 
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The solution was made slightly alkaline with ammonia and saturated with 
Kahlbaum’s pure recrystallized ammonium chloride. The precipitated 
ammonium urate was decomposed and ultimately weighed on a Gooch 
crucible as uric acid. 

At the same time determinations of the total amount of uric acid pres- 
ent in the urine were made by Hopkins’ method in order to ascertain 
whether there was any simple relationship between the amount of uric 
acid present in the urine and that carried down with the Capaldi precipi- 
tates: there was none. 

In view of the interference of uric acid in the estimation of 
kynurenic acid by Capaldi’s method and the labor involved in 
the subsequent estimations of the uric acid content of the mixed 
precipitates of kjmurenic and uric acids, it seemed worth while 
to determine whether uric acid was excreted to any appreciable 
extent in the urine of dogs on a diet of a lower purine value. 

Of all the observers who have studied the question of the origin of 
kynurenic acid in the metabolic processes of the dog, amongst whom may 
be mentioned Liebig, Schmidt, Schmeidcrberg, Schultzen, Hauser, Voit 
and Reiderens, and Solomin, the last mentioned alone seems to have recog- 
nized that uric acid was excreted by dogs in any appreciable amount. 

Solomin’ made determinations of the relative amounts of kynurenic 
acid and uric acid excreted by dogs on a diet of 400 gm. of horse flesh, 
250 cc. of milk, and 250 gm. of bread a day. He determined the total 
output of uric acid by the Salkowski-Ludwdg method and the kynurenic 
acid by Capaldi's method. For a dog of about 9 kg. weight the average 
output of uric acid was 0.11 gm. and of kynurenic acid 0.30 gm. a day. 

It will be seen (Tables I a and I b) that the dogs on a diet of 
I 500 grams of meat per day w^ere excreting somewhat larger 
amounts of uric acid than were excreted by the dogs in Solomin s 
experiments. Further, it urns found (Tables IV a, b, and c) that 
traces only of uric acid w^ere excreted by dogs on a diet of bread 
and milk, of bread and milk and a small amount of meat (25 to 
50 grams), of dog biscuits alone,. and on a starvation diet. 

If a dog can be induced to take any of these diets with regular- 
ity then Capaldi’s method can be used for the estimation of the 
kynurenic acid content of the urine. The results thus obtained 
will give a true representation of the acid present and will not be 
too high on account of its contamination with uric acid. 

’ Solomin, P., ibid., 1897, xxiii, 501. 



Annie Homer 


395 


Since the presence of uric acid interferes nith the estimation 
of kjmurenic acid it was necessary to ascertain whether the esti- 
mation of uric acid by (a) Hopkins’ and (b) by Folin’s methods 
could be relied on in presence of kynurenic acid. 

(a) Mi.xtures of uric and kynurenic acids were taken. The 
mixture of acids was dissolved in the least possible quantity of 
sodium carbonate solution and the uric acid estimated bj' Hop- 
kins’ method. 


Mixture of acids. 

Unc acid precipitated as Arnraonium urate and 
estimat^ aa unc acid by 

^Yeight of uric acid 
taken. 

Weight of kynurenic 
acid taken. 

1. Titration with 
KMnOi solution. 

2. Weighing on a 
Gooch crucible. 

Om. 

gm. 

■■■■ 

gm. 


0.1232 




0.1506- 




0.1256 


0.S320 

0.19S0 

0.1720 

iHH 

0.1920 


There was no indication of the contamination of the final pre- 
cipitates of uric acid with kjTiurenic acid. 

(b) ilixtures of uric and kjTiurenic acids were taken and the 
uric acid was estimated by Folin's colorimetric method. 

Tluee separate solutions of weighed amounts of pure uric and 
kjamrenic acids were made by dissohung the mi.xed acids in a 
solution of lithium carbonate and making the volume up to 100 
cc. Aliquot parts of these solutions (2 cc.) were treated with 
Folin's phosphotungstic reagent and estimated colorimetrically 
against a standard solution of pure uric acid treated in the same 
way. 


Mixture of acids. 

i Weight of uric acid in total vol- 
ume of solution estimated 
colorimetrically by 
Folin’s method. 

Weight ot uric acid 
taken. 

Weight of kynurenic acid 
taken. 

prj. 

[ »«• 

gm. 

0.100 

0.100 

0.100 


0.100 

0.99S 

0.100 

0.100 

0.101 
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From these results it is obvious that the presence of kjoiurenic 
acid does not interfere with the estimation of uric acid by Hop- 
kins’ and by Folin’s methods. 

In the accompanying tables are given the results of the esti- 
mations of the amount of kynurenic acid eliminated in the urine 
of dogs after the administration of tryptophane. Tables I a, b, 
and c deal with the administration of repeated similar doses of 
tryptophane to dogs and puppies; Tables II a, b, and c with the 
administration of increasing doses of tryptophane to dogs and 
to puppies and a consideration of the output of total nitrogen 
during the tryptophane feeding; Table III, with the administra- 
tion of large doses of trj'-ptophane; Tables IV a, b, and c with the 
excretion of uric acids by dogs on various diets. 

Before attempting to draw any conclusion as to the signifi- 
cance of the data given in these tables with regard to the possi- 
bility of the elimination of kynurenic acid being of the nature 
of a side issue, and not representing the main line of breakdown 
of tryptophane in the animal body, it was necessary to ascertain 
whether kynurenic acid, once formed, could be further dealt with 
by the body: in other words, does the kynurenic acid isolated 
from the urine represent the total amount produced from the 
tryptophane absorbed? 

Hauser* administering kynurenic acid to dogs by the mouth and by 
subcutaneous injection was able to recover in one case, 36 per cent and in 
another case, 56 per cent of the tryptophane given. He found that after 
the administration of the substance to man non^ could be recovered from 
the urine. On the other hand Solomin’ found that there was as much as 
90 per cent of the kynurenic acid administered by injection excreted in 
the unchanged form by dogs and 60 per cent by rabbits. The amount of 
the substance recovered after administration by the mouth was much less 
for both animals. In the case of man none or only a very small percent- 
age of the substance could be recovered after administration by the mouth. 

It is possible that the samples of kynurenic acid used by Solomin, iso- 
lated by Capaldi's method from the urine of dogs kept on a high meat diet 
for some time, were contaminated with uric acid. The administration of 
a “mixed” product would lead to results showing a higher loss than had 
actually taken place. In Hauser’s experiments -with dogs a considerable 
loss was shown; here again the investigator may not have been dealing 
with a pure product. 

“Hauser, A., Arch. f. exper. Path. u. Pharmakol, 1895, xxxvi, 1- 
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With Hauser’s results indicating a possible utilization of at 
least 50 per cent of the kjoiurenic acid administered, it -was neces- 
sary to ascertain whether, with pure kynurenic acid, the results 
would confirm those of Solomin or those of Hauser. 

One of my dogs who had been on varying amounts of trypto- 
phane was put on a diet on which he was excreting traces only of 
uric acid and no kjmurenic acid. Doses of chemically pure kynu- 
renic acid prepared according to the directions ^ven in a pre- 
■vdous paper (Homer)® were administered to the dog. The Igmu- 
renic acid content of the urine excreted during the thirty-six hours 
following the administration of the substance was estimated by 
Capaldi’s method. 


Weight of kjTjtirenie acid administered. 

Weight of kynurenic acid isolated from the 
urine by Capaldi'a method. 

fffn. 

ffm. 

0.690 (subcutaneously) 

0.630 

0.330 (by mouth) 

0.266 


These results support the view that the body of the dog does 
not utilize the kymuenic acid to any appreciable extent; whence 
it follows that, in the consideration of the e.xperimental results 
recorded in the accompanying tables, the output of kynurenic 
acid can be taken as a true representation of the total amount of 
kjmuremc acid formed by the body from the tryptophane admin- 
istered to the animal. 

A study of the accompanjdng tables shows that: 

1. Kynurenic acid is not utilized by the body of the dog but 
is eliminated in the urine in an unchanged condition. 

2. There is no simple relation between the amount of trypto- 
phane administered and the kynurenic acid eliminated in the 
urine. 

If the tryptophane were completely changed into kjTiurenic 
acid the proportion should be: 1 gram of tiy-ptophane: 0.95 gram 
of kjmurenic acid. 

The greatest amount of kjmurenic acid excreted bj' any of the 
dogs Was onlj' 38 per cent of the theoretical amount possible; the 
average was about 10 per cent and in some cases it was as low as 
or even lower than 5 per cent of the theoretical amount. 
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3. In each animal the excretion of kjmurenic acid reached a 
maximum beyond which further increase in the dose of trypto- 
phane was without effect. 

The amount of tryptophane excreted by any one dog may 
depend upon the relative size of its liver. Thus a dog of 23| 
pounds’ weight excreted as much as 1.8 grams of kynurenic acid; 
a dog of 13^ pounds’ weight excreted 0.64 gram of the acid; puppies 
of 6 pounds 14 ounces’, and 4 pounds 5| ounces’ weight respectively 
excreted 0.3 and 0.13 gram of the acid on the same Aveights of 
tryptophane, etc. 

4. The 3 ’’oung animals have a greater capacity for the utiliza- 
tion of tryptophane than the fullj’- grown dog has (Tables I c 
and II b). 

5. There is no marked increase in the output of nitrogen during 
the tryptophane feeding period. The administration of the sub- 
stance has therefore no marked effect on the general metabolic 
processes of the body (Table II c). 

6. Even after flooding the digestive organs AAuth a large dose 
of tryptophane, the corresponding amount of kjmurenic acid was 
not eliminated; neither could anj’’ unchanged tryptophane be 
detected in the urine, nor could any other indol derivatiA’’es be 
detected in the urine bj’’ colorimetric methods (Table III). 

SUMMARY. 

The results of the investigation seem to indicate that: 

1. K 3 ’nurenic acid apparently is not readily capable of further 
utilization in the body of the dog as all Avhich is administered is 
excreted in the urine. It is therefore justifiable to assume that 
all the tryptophane converted into k 3 murenic acid in the bod}’’ 
is excreted in the urine as such. 

2. The production of kynurenic acid from tryptophane does not 
represent either the only or the main line of breakdown of trypto- 
phane in the animal bod 3 '’; this is specially true of the young 
animal. 

The evidence adduced in this paper seems to indicate that a 
certain amount of the tr 3 ’-ptophane administered becomes “side- 
tracked” into k 3 murenic acid while the remainder is utilized in 
some direction not 3 'et elucidated, but which may probably have 
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some intimate connection with the furnishing of the particular 
substance or substances necessarj'- for the maintenance of life of 
the individual. 

The work described in this paper was undertaken originally at 
the suggestion of Dr. Hopkins, Cambridge, England. The author 
nishes to express her appreciation of the help he has given and 
the interest he has shown during the progress of the investigation. 

TABLE la. 


The Repeated Adminislralion of Trj/plophane. 
Dog A. {Weight ISl lbs.) 
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Traces. 
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1 500 

if it 
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Not measured 


3- 4 

500 

gm. meat 

3gm. 

tryptophane 

400 

0.648 

4- 0 

it 

tt it 

tf ff 

'• ft 

475 

0.512 

5- 6 i 

if 

it if 

ft ft 

tf 
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0.578 

6~ i 

it 

ft a 

ff ft 

ft 

300 1 

0.640 

7- 8 

it 
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339 

0.625 

8- 9 
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ft ft 
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ff 1 

250 

0.540 

9-10 

n 

tt tt 

H ti 

“ 

350 

0.518 

10-11 

if 

ft ft 

if it 

“ i 

400 1 

0.542 

11-12 

if 

ft fi 

it tf 

tf 

310 

0.535 

12-13 

500 

gm. lean meat 


350 

0.1403 

13-14 

t< 

ft ff 

tf 


440 

0.0877 

14-15 

n 

it U 

tt 


500 

0.2025 

15-lG 


ft ti 

ft 


Not estimated 


10-17 

n 

ft ti 

it 


370 

0.1072 

17-18 

u 

if tf 

if 


290 

0.0920 

18- 19 

19- 20 

u 

it it 

ft tt 

ft 

tf 


390 

360 

Spoilt. 

0.0982 


It was shorni afterwards that the precipitates weighed as kynurenic 
acid between the dates April 12-20 were practically pure uric acid. 









The Repealed Adminislralion of Tryptophane lo a Dog on a Meat Diet. Dog B. {Weight 23\ lbs.) Estimation in the Urine (/) of 
the Kynurenie Acid by Capaldi’s Method. {2) Estimation of the Uric Acid Contaminating the Capaldi Precipitates^ and Hence 
the True Value for the Kynurenie Acid Output. (3) Estimation of the Uric Acid Content of the Urine by Hopkins’ Method. 
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a 

•d 

V 

X 

§ 

*3^'c w 

'3 o , ^ 

■ecj sis S 

•fv ^ c ^ 

A 

(1 

ant. 

0.000344 

0.000934 

0.00168 

0.00100 

0.00094 

0.00218 

0.00201 

0.00349 

0.00498 

0.00221 

O CM oc ID CM 

’-H ID CD ID O 

CO rs. ID T? rr 

o o o o o 

o o o o o 

o o o o o 

o o o o o 

Total 
volume of 
urine. 

. CO o O 

^ CO 00 ^ CD 

Dt cc CO ir? 

Di O 00 Di CO 

00 ^ uo 

CN CD 4D CD CO 

384 

300 

310 

401 

338 


c 

c 

E 

tc 2 2 2 2 
o 
o 

ID 

D 

C 

rt 

5 

E 

t£ 2 2 2 3 

T3 

C 2 2 5 5 

rt 

C/ 2 
c 

6 ^ ^ ^ ^ 
o 

»D 

.4^ 

C* 

5 

d 

6 

o ^ ^ ^ " 
o 

ID 


Date. 

May 

21-22 

22- 23 

23- 24 

24- 25 

25- 20 

20-27 

27- 28 

28- 29 

29- 30 

30- 31 

E CM fC ^ iD o 

C j 1 ] 1 1 

3 CM CD ID 
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TABLE lo. 

The .UUninMun oj rr yvlopUanc lo Puppies from the Same Litter, A,cU 2 Months. 

— — — ~ ^ n/».T P DorD. 

I WeiBhutesio^. \VoiRhl011» Uoi. 
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TABLE II a. 

The Administration of Increasing Doses of Tryptophane to a Dog. 
Dog B. (Weight SS\ lbs.) 


Date. 

Diet. 

Volume 
of urine. 

Uric acid 
excreted. 

Kynurenic 

acid 

excreted. 



cc. 


ffm. 

Nov. 





18-19 

Bread and milk and 50 gm. meat 


Traces 

Traces. 

19-20 

<{ « « <i it ti u 


it 

it 

20-21 

it a it u i< it ti 

295 

tt 

tt 

21-22 

The same and 1 gm. tryptophane 

305 

It 

0.0939 

22-23 

it it ti it ti tt 

None 



23-24 

The same and 2 gm. tryptophane 

560 

tt 

mSm 

24-25 

(( tt tt tt tt tt 

345 

u 

wmm 

25-26 

II II II ^ II II 

None 


■■■ 

26-27 

it it it Q it if 

' 180 

tt 


27-28 

it a tt tt tt it 

500 

tt 


28-29 

Dog died 


1 

nn 


A post mortem examination of the dog showed considerable hemolysis 
of the liver and kidney. 


TABLE II b. 

The Administration of Increasing Doses of Tryptophane to a Pnppy Aged 
6 Months. Dog C. (Ti''eight 16 lbs.) 


Date. 

Diet. 

Volume 
of urine. 

Uric 

acid 

excreted. 

Kynurenic 

acid 

excreted. 









cc. 


gm. 

Oct. 











27-28 

Bread 150 

gm., milk 250 

CC., 

meat 25 

gm. 


Nil 

Traces. 

28-29 

it 

tt 

tt 

ti tt 

ft 

ft if 



tt 

tt 

29-30 

it 

tt 

if 

ft tt 

ft 

ft tt 

tt 


tt 

tt 

30-31 

it 

It 

ti 

if ft 

if 

ft tt 

tt 


tt 

ti 

Oct .31- 

The same and 1 

gm. tryptophane 


380 

B 

Spoilt. 

Nov. 1 









B 


1- 2 

tt 

tt 

« 2 

ti 

ft 



255 



2- 3 

ft 

tt 

« 4 

tt 

ft 



406 

B 

HQ SI 

3- 4 

tt 

tt 

“ 6 

tt 

it 



134 

mm 


4- 5 

tt 

tt 

“ 8 

tt 

ft 



260 

B 


5- 6 

Bread, milk, and meat 

390 

ti 

0.0156 
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TABLE III. 


The Adminislraiion of Large Doses of Tryptophane to a Dog. Dog B. 

(Weight S3i lbs.) 


Dntc. 

Diet. 

Volume 
of urine. 

Kynurenic 

ncid 

excreted. 



CC. 

gm. 

Oct. 




13-14 

Bread 250 gm.. milk 250 cc., meat 50 gm. 

540 

Traces. 

14-15 

tt it tt tc i( It tt ti fi 

342 

« 

15-16 

The same and 10 gm. tryptophane 
(Only about ^ of food eaten.) 

66 

0.212 

16-17 

The same and 10 gm. tryptophane 

6S5 

1.256 


A further dose of 10 gm. of tryptophane was given with the dog’s food 
on Oct. 17 but by this time the dog refused to touch any more food in the 
cage whether witli or without the addition of tryptophane. 

Tryptophane has a very bitter taste and it was difficult to administer 
ns mucli as 10 gm. at a time and successful!}’ mask its bitterness. 


TABLE IV n. 

The Excretion of Uric Acid by a Dog on a Meal Diet. (Compare with 
Results for Dog B, Table I b.) Dog H. 


Date. 

Diet. 

Volume of Urine. 

Total output of uric ncid for the 

24 hours estimatcd’by 

Folin’s method 
on 5 cc. urine. 

Hopkins’ method 
on 100 cc. urine. 




cc. 

pm. 

pm. 

Apr. 






1- 2 

Biscuits 


150 

Traces 


2- 3 



235 

(( 


3- 4 

1 lb. lean meat 

167 



4- 5 

(( (( t( 

ti 

264 



5- 6 

t( tt tt 

it 

160 

0.0929 


6- 7 

ti tt tt 

ft 

150 

0.0622 


7- S 

ti tt it 

ft 

175 

0.155 

0.160 

8- 9 

tt it tt 

ft 

324 



9-10 

ft tt it 

tt 

232 



10-11 

Biscuits 


52 

0.0150 


11-12 

ft 


160 

Traces 
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TABLE IV b. 

The Excxclion of Uric Arid hy Bogs on Dieln vrilh Low Purine Value. 


Date. 

Did, j 

Uric add 
wrcret<^d. 

KynaretJic 

ftdd 

CXCTCtad. 

Dog A on diet of bread and milk for some days previous. 

June j 





Bread and milk j 

Traces 

0.0148 


tt tl tl j 

tt 

0.0083 

15-16 ! 

tt ii tt 

tt 

Trace' 


Dog B on diet of bread and milk and small amount of meat for some days 
prerious. 


Nov. 

18-10 

19- 20 

20- 21 

Bread, milk, and 50 gm. meal 

« « tt tt tt tt 

it tt tl It tt tl 

Traces 

It 

tt 

Traces. 

(( 

tt 

Dog E on diet of dog biscuits for some days prerious. 

Dec. 




16-17 

150 gm. dog biscuits j 

Trace.' 

Traces, 


it tt tt U 1 

(( 

tt 


<( <( tt tl ! 

11 

tt 

Dog F on diet of dog biscuits and small amount of meat. 

Ma . 

1 



4-5 

150 gm. bi.scuits and 25 gm. meat 

Traces 

0.0134 

5-G 

If tt tt tt tt tt <( 

ft 

0 0110 

6-7 

tt tl It 4f II It 11 

tt 

0 0110 


TABLE IV c. 

The Excretion of Uric Acid by a Dog Kept Without Pood from Feb. 2i to 
Mar. 4. Dog G. 


Dafe 

Volume of unne 

i 

Total rxcTdiO'i cf uricand 
^Cftimaied by Folm's method 
on 5 cc. of unre). 

Feb. 

cc. 

gm. 

24-25 

410 

0.013 

25-26 

516 

0.019 

26-27 

344 

0.030 

27-28 

710 

0 032 

Feb. 28-Mar. 1 

Mar. 

260 

0.031 

1-2 

4.52 

0.023 

2-3 

398 

None. 

3-4 

276 

None. 























THE DEXTROSE AHD DIASTASE CONTENT OF THE 

BLOOD AS AFFECTED BY ETBDER ANESTHESIA 
OF ANIMALS FED ON DIFFERENT DIETS. 

Bt ELLISON L. BOSS Ains HUGH McGUIGAN. 

(From the Department of Pharmacology, Northwestern University Medical 

School, Chicago.) 

(Received for publication, July 9, 1915.) 

In 190i Hawk^ reported glycosuria following anesthesia of dogs, See- 
lig» confirmed his results. In 1914 Ross and Hawk* published work in 
which it was shown that ether anesthesia of dogs fed on a mixed diet was 
not followed by glycosuria. 

Many suggestions have been advanced to explain this glycosuria. Shaf- 
fer* thinks it is probably due to -asphyxia during the anesthesia. The 
work of Araki, Grube, and others* indicates that post anesthetic glycosuria 
may be due to a reduction of the body temperature during the anesthesia. 
But the fact that the glycosuria is just as pronounced in animals if the 
body temperature has been kept normal by artificial heat during the anes- 
thetic period argues against this explanation. It is well known that as- 
phj'xia may cause glycosuria. Still this can not be an important factor 
since it has been shown that’ there is no detectable difference in the glyco- 
surias caused by the administration of ether well supplied with air and 
anesthesia when a verj' limited amount of air is mixed with the ether. 

Post anesthetic glycosuria then is considered by some to be 
due to excitement; by others to the specific action of the ether; 
and by others to both of these factors. If both are involved the 
relative importance of each requires investigation. 

In any glycosuria, either one of two changes may be immedi- 
ately operative: (1) a change in the kidney itself, or (2) changes 
in the blood, the most important of which is a rise in the concen- 
tration of the sugar content. That post anesthetic glycosuria is 

’ Hawk, P. B., Am. Jour. Physiol., 1903-01, x, p. xxxvii. 

= Seelig, A., Arch. f. exper. Path. u. Pharmakol., 1905, In, 481; 1906, liv. 

206 . ’ > t I > 

’ Boss, E. L., and Hawk, P. B., Arch. Int. Med., 1914, xiv, 779. 

* Shaffer, P. A., Jour. Biol. Chem., 1914, xix, 297. 

‘ See review of literature in reference 3. 
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extremely transient argues against changes in the kidney, such as 
increased permeability. Therefore changes in the amount of 
sugar in the blood appear to be the most important immediate 
cause of sugar in the urine. Consequently it was thought that a 
study of the effect of anesthesia on the dextrose and diastase con- 
tents of the blood of dogs which had been fed on mixed and meat 
diets might throw some light on the mechanism of ether glycosuria. 

EXPERIMENTAL WORK. 

Healthy dogs were chosen for the work. Each animal was fed on a con- 
stant pure lean meat diet for from five to eight daj’s and then anesthetized 
and the necessary samples of blood for analysis were taken. For an equal 
period the same dogs were then fed on a mi.\ed diet which consisted of 
about tljrcc-quarters of the amount of meat of the preceding week, but to 
which were added 100 to 200 gm. of soda crackers per day. They were 
again anesthetized and samples taken for analysis as before. In several 
instances the animals died during the first anesthesia and consequently 
could not be used for the second. We have noticed that accidents under 
ether happen more frequcntlj' when the dogs are fed on a meat diet than 
on a mixed diet, an observation deserving notice in medical practice. The 
animals were anesthetized in the early forenoon in each case, and had 
been last fed the noon preceding. 

The method of giving the ether provided an abundant admixture of air. 
This was accomplished by blowing air through a bottle of ether from which 
a tube led to a mask for the nose. No attempt was made to warm or to 
moisten the vapors passed to the animal. 

Blood samples were taken from the jugular vein, just before the ether 
was administered and again after the animal had been tied on the board. 
Ether was then given and other samples of blood were taken after 15, 60, 
and 120 minutes of anesthesia. Another sample was taken thirty minutes 
after the ether was discontinued. Each time when blood was taken about 
S cc. were drawn in a clean syringe and quicklj' placed in a centrifuge tube. 
Then S cc. more were drawn into a sj-ringe which contained a very small 
amount of powdered potassium oxalate. The first sample was centri- 
fuged and the serum used for a determination of the diastase; the second 
sample was used for determination of the dextrose. 

The method of determination of the diastase content of the scrum was 
that of von Hess.® The Benedict colorimetric method’ was used for the 
dextrose. All determinations of dextrose were made in duplicate and the 
average value was taken. 

The dogs were weighed each day just before feeding. Tables I and II 
show the average weights in pounds, for the first two and the last two days 

' McGuigan, II., and von Hess, C. L., Avi. Jour. Physiol., 1914-15, 
xxxvi, 3.59. 

’ Lewis, It. C., and Benedict, S. R., Jour. Biol. Chem., 1915, xx, 61. 
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of each period of feeding. The following tobies give the results of the work 


Body Weights in Kilos While on a Mixed Diet. 


No. of dog. 

Average of 
first two days. 

Average of 
last two days. 

Gain or loar. 

1 

11.97 

12.33 

+0.30 

2 

9.49 

9.45 

-0.01 

3 

7.15 

7.29 

+0.14 

5 

10.84 

10.22 

-0.62 

6 

13.95 

13.81 

-0.14 

8 

9.90 

9.90 

0.00 

9 

7.38 

7.56 


10 

9.09 

9.22 


11 

10.57 

10.80 


12 

12.69 

12.60 


Average 


+0.01 





TABLE TI. 


Body Weights in Kilos While on a Meal Diet. 


■Bl 

Average of 
first two days. 

Average of 
last two days. 

Gain orlovi. 

1 

12.60 

11.61 

-0.99 

2 

9.76 

9.54 

-0.22 

4 

9.67 

9.45 

-0.22 

5 

9.54 

9.45 

-0.09 

6 

13.59 

13.23 

-0.36 

7 ' 

12.37 

11.56 

-0.81 

8 

10.21 

9.67 

-0.54 

13 

13.95 

12.96 

-0.99 

14 

14.94 

13.23 

-1.71 

15 

Average 

11.25 

10.35 

-0.90 

-0.68 


DISCUSSION. 

There seem to be differences of opinion regarding the influence 
of anesthetics on the dextrose content of the blood. Maeleod® 
claims that the changes are very slight and can be disregarded. 

'Macleod, J. J, R., Diabetes; Its Pathological Physiology, New York, 
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Shaffer'* reports considerable increase of blood sugar due to anes- 
thesia. He sho'W's increases of 100 to 300 per cent. The results 
given in Tables HI, IV, and V agree with those of Shaffer. The 
animals on a mixed diet showed a sugar content from 0.058 to 
0.085 per cent or an average of 0.075 per cent before ether. Dur- 
ing the first fifteen minutes of surgical anesthesia the blood sugar 
content rose to from 0.077 to 0.156 per cent or an averageof 0.117 
per cent. The increase amounted to 56 per cent of the original 
content. 


TABLE 111. 


Per cc7it of Dextrose in Blood of Dogs on a Mixed Diet. 


No. of dog. 

Before ether. 

During anesthesia. 

Half hour 
after ether was 
discontinuetl. 

Durinp 1st 

15 min. 

End of 1 hr. 

End of 2 hrs. 

1 

■I— 





2 





■SB 

3 






5 





■^1 

C 

0.07G 



0.157 


S 


0.119 


0.1G7 

■SB 

9 



0.138 

0.130 


10 



O.llS 

0.116 

■EH 

11 

0.0S2 


0.164 



12 

0.072 


0.139 

0.128 

0.1G9 


TABLE IV. 


Per cent of Dextrose in Blood of Dogs on a Lean Meat Diet. 


No. of dojr. 

Before ether. 

During anesthesia. 

Half hour 
after ether was 
discontinued. 

During 1st i 
15 min. 

End of 1 hr. 

1 

End of 2 hrs. 

1 

MM 

n 

RB 


■SB 

o 


■■1 

■BB 


BHB 

4 

0.127 



■■■ 

WBm 

5 

0.091 

0.109 

WBM 

0.179 

wmm 

6 

0.048 

0.103 

Wmm 

0.196 

0.185 


0.082 

0.002* 




8 

0.059 


Wmm 

0.118 

0.124 

13 

0.057 


0.091 


0.090 

H 

O.OGl 


O.0G7* 



15 

0.0G4 


0.169 

■i 
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table V. 

Average Dextrose Content of Blood of Dogs on Different Diets. 




Before 

ether. 

During onesthcaia 

Half hour 
after ether 


During Isl 
15 min 

Knd of 

I hr. 

End of 

2 hrs 

rrM di«eon* 
tinued. 

Mi.\ed diet. Results e.\- 
pressed in per cent 

0 075 

0 117 

0 130 

0 137 

0.139 

Meat diet. Results ex- 
pressed in per cent 

0 0S2 

0.110 

0.150 

0.172 

0.193 

Meat diet. Results ex- 
pressed in per cent nith 
(*) results rejected 
from average 

1 0 06S 

i 0 110 

1 

0 135 

0 143 

0.157 

Mixed diet. Results ex- 
pressed in relation to 
normal . . 

1 0 i 

1 56 i 

1 73 

1.83 

1.8.5 

Meat diet. Results ex- 
pressed in relation to 
normal . . . 

1 0 

1 45 

1 83 

2.10 

2.34 

Meat diet. Results ex- 
pressed in relation to 
normal with (*) results 
rejected 

1 0 

1 62 

1.99 

2.10 

2.31 


After feeding with meat the sugar content of the normal blood 
varied from 0.048 to 0.153 per cent or an average of 0.082 per 
cent. After the animals had been under ether for about fifteen 
minutes the blood sugar content rose to from 0.062 to 0.200 per 
cent with an average of 0.119 per cent. The average increase in 
this case was 45 per cent. It may be claimed that the starred val- 
ues in the tables are out of harmony with the majority. If we 
leave these out, before ether the values range from 0.048 to 
0.091 per cent or an average of 0.068 per cent and after ether their 
range is from 0.085 to 0.163 per cent or an average of 0.110 per 
cent. The increase is then 62 per cent which is still larger than 
when all the figures were included. 

It is clear that in our twenty cases there was, because of the 
anesthesia, a marked increase in the dextrose content of the 
blood. The changed diet seems to have shomi no marked change 
in the normal blood or in the hyperglycemia of the first fifteen 
minutes of anesthesia. There does seem, however, to be some 
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change in the general condition of the animal that makes it less 
resistant to the ether, and this becomes more pronounced the 
longer the period of anesthesia. 

Without going into the individual values of the dextrose con- 
tent of the blood in the periods following the first, averages onl}’- 
will be considered. The dogs on a mixed diet increased the blood 
sugar content from 0.117 per cent to 0.130 per cent in the first 
hour, from 0.130 to 0.137 per cent the second hour, and in the 
thirty minutes immediately following the removal of the ether 
from 0.137 to 0.139 per cent. 

The animals on a meat diet during the first hour of ether, in- 
creased the blood sugar from 0.119 to 0.150 per cent, in the sec- 
ond hour from 0.150 to 0.172 per cent, and during the thirtj'^ min- 
utes immediately after removal of the ether from 0.172 to 0.193 
per cent. If the starred values are omitted from the averages 
the values for the meat-fed dogs are 0.110, 0.135, 0.143, and 0.157 
per cent respectively. 

If the per cent of dextrose be expressed in relation to the nor- 
mal, valued as 1, the values for the successive periods for the 
dogs fed on a mixed diet are 1.0, 1.56, 1.73, 1.83, and 1.85. For 
the animals when fed on a meat diet the values are 1.0, 1.45, 1.83, 
2.10, and 2.34, or omitting the starred values in the last, 1.0, 1.62, 
1.99, 2.10, and 2.31. 

From a consideration of the increase of the sugar following the 
first fifteen minutes of anesthesia several interesting facts are 
clear. First the increase is general and consistent, and still con- 
tinues after cessation of the ether. Second, the increases on the 
meat diet were markedly more than on a mixed diet. The in- 
crease on the meat diet during the first hour was approximate!}' 
equal to the increase on the mixed diet during the two and one- 
half hours. 

The excitement factor in producing hypcrglj’-cemia, suggested 
by Shaffer, should grow less or disappear in two hours of anes- 
thesia, and the longer the animal remain under the ether the 
more should the amount of blood sugar decrease. The opposite, 
however, occurs. The regular and gradual increase in the hyper- 
glycemia argues strongly against preliminary excitement being an 
important factor in producing an increase in the blood sugar.® 

’ ^lorita, S. (Arch.f. exper. Path. u. Pharmakol., 1915, Ixxviii, 18S), comes 
to the same conclusion from work on decerebrate animals. 
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Often this hyperglycemia is attributed to asphyxia. The fact 
that both groups of animals show a positive increase in the blood 
sugar in the thirty minutes following the removal of the ether 
does not support this contention. Furthermore the fact* that an 
abundant supply of air nnth ether is just as productive of hjT)er- 
glycemia as a minimal allowance also argues against it. How- 
ever if VerwomV® theorj’-, which holds that anesthesia is essen- 
tially an asphyxiation, can be sustained, the validity of our con- 
clusions is questionable. In that case we must assume that after 
the removal of the ether the nenmus system must return to nor- 
mal much more quickly than the muscular or glandular tissues, 
an assumption we are not prepared to accept. 

According to Carlson and Luckhardt” serum diastases are ver>' slightly, 
if at all, decreased by ether anesthesia. Moeckel and Rost'’ conclude 
that cold increases the diastases. Allen'* states that the nutritive condi- 
tion of the animal has no influence on the diastases. Carlson and Luck- 
hardt fed dogs on constant diets for four weeks; two on meat alone and two 
with bread and milk. They conclude that there is no relation in the dia- 
static content of the blood and the amount of carbohydrate in the diet. 

Tables VI, ITI, and VIII give the values of the serum diastases 
in minutes required for the diastases in 1 cc. of serum to hydro- 
lyze the starch in 10 cc. of 1 per cent solution of soluble starch to 
such an extent that no blue color is produced by the addition of 
1 cc. of 0.002 per cent iodine solution to one drop of the serum- 
starch mixture. 

The values given in Table VI indicate a very wide indmdual 
variation of from 27 to 67. In this series the concentrations of 
the blood diastases of six dogs were not altered by the ether, one 
was increased, and three were decreased. These variations due to 
ether were small and insignificant in every case, as is shown by 
the table of averages. Table VIII. 

The influence of ether on the blood diastase of meat-fed dogs is 
indicated in Table VII. The individual variation here is from 
20 to 50. The diastatic activity after ether was unchanged in 

Verworn, M., Bull. Johns HoplHns Hasp., 1912, xxiii, 97. 

" Carlson, A. J., and Luckhardt, A. B., Am. Jour. Physiol., 1908-09. 

148, 

» Moeckd, K., and Rost, F ., Ztschr.f. physiol. Chem., 1910, Ixvii, 433. 
1 Q 1 Q 11 ^”’ Concerning Glycosuria and Diabetes, Boston. 
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TABLE VI. 


Diastase Content of Blood of Dogs on Mixed Diet. 


No. of dog. 

Before* 

nnesthesia. 

During ancsthtsin. 

Half hour 
after ether ivns 
discontinued. 

During 1st 

IS min. 

End of 1 hr. 

End of 2 hrs. 

i 

1 

35 

35 

35 

35 

35 

2 

53 

49 

49 

49 

49 

3 

60 

60 

67 

67 

67 

5 


3S 

38 

38 


6 

39 

39 

39 

39 

39 

S 

27 

27 

30 

30 

30 

9 

43 

43 

43 

43 

43 


41 

41 

41 

41 

41 

12 

37 

37 

40 



13 

31 

31 

31 

31 

31 


TABLE VIL 


Diastase Content of Blood of Dogs on Lean Meat Diet. 


No. of dog. 

Before 

anesthesia. 

During anesthesin. 

Half hour 
after other was 
discontinued. 

During lat 

IS min. 

End of 1 hr. 

End of 2 hrs. 

1 

24 

24 

30 


30 

2 

40 

40 

40 


40 

4 

40 

40 

40 

40 

40 

5 

44 

44 

50 

50 

50 

6 

20 

20 

20 

20 

20 

7 

30 

30 

30 



8 

31 

31 

34 

34 

. . 

13 

29 

35 

35 

35 

35 

14 

34 

34 

34 

34 


15 

36 

30 

36 




TABLE VIII. 


Average Diastase Content of Blood of Dogs on Different Diets. 



Before 

During anesthesia. 

.. . 1 

Half hour 
after ether 


anesthesia. 

During; 1st 
15 min. 

End of 

1 hr. 

End of 

2 hrs. 

\\'as discon- 
tinued. 

Mixed diet 

41 

40 

41 

41 

42 

Meat diet 

33 

33 

35 

35 

36 
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six cases or slightly decreased in four, the decrease being 33 to 
35. This tendency toward a decrease is greater on a meat than 
on a mixed diet. 

On stud3dng the general trend of the values in Tables VI and 
VII it is apparent that there is a distinct range in each table. 
The averages from both are given in Table VIII, which shows a 
clear difference in the diastatic activity as a result of differences 
in diet. The meat diet has increased the blood diastases. 

At this point it may be well to make a superficial study of the 
condition of dogs under the two diets as indicated from the tables 
of body weights given in Tables I and II. In the first table it 
is shown that one dog lost an appreciable amount and the others 
either gained or lost very little. The average for the ten dogs 
was 0.01 kilo per period. Table II shows that six out of ten 
dogs fed on a meat diet lost weight appreciably. The average 
loss of weight was 0.68 kilo per period. J udging from the varia- 
tions in the body weights of the dogs, it is probable that the meat- 
fed animals were no more laden with glycogen than those on the 
mixed diet. 

Macleod^ asks: “How, then, are we to harmonize these ap- 
parently contradictory observations — i>iz., that the glycogen rap- 
idly disappears without there being any increase (indeed, in the 
case of the sugar-fed dogs, a decrease) in the percentage of reduc- 
ing substance in the blood? We can do so only by assuming that 
the glycogen may leave the liver, .... in some other 
form than sugar — possibly as some dextrin, which is either pre- 
cipitated along with the proteins or is unable to reduce cupric 
salts.” 

Our results indicate that there is an increase in the blood dex- 
trose produced by ether anesthesia and that the increase is greater 
when the dogs have been fed on a meat diet. We also find that 
ether anesthesia has no effect on the serum diastase but that the 
absence of carbohydrate from the diet increases it. 

It seems to us therefore that Dr. Macleod’s problem quoted 
above may be more simply solved than he has suggested. Sup- 
pose that ether in itself is an activator or sets free an activator, 
which makes the glycogen of the liver more susceptible to attack 
by the diastase of the blood serum. Then ether anesthesia would 

Macleod, loc. cil., 190. 
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cause a disappearance of the glycogen from the liver and an in- 
crease of sugar in the blood. This accords with the facts. Then 
too if the blood diastases were increased ether would cause a pro- 
portionally greater hyperglycemia. This is also in accord with 
our data. Taking the diastase values before ether in Table VIII, 
there is found an increase of 24 per cent when the animals were 
changed to a meat diet. On referring to Table V, a hypergly- 
cemia of 83 per cent is indicated in two hours, due to the ether, on 
a mixed diet, and a hyperglycemia of 110 per cent on a meat 
diet — or a difference of 32 per cent (of 83) due to the absence of 
carbohydrates from the diet. Therefore the increase in the sugar 
seems to follow the increase in the diastase; for when we increase 
the diastase 1.24 times we increase the extra sugar 1.32 times 
or approximately to the same degree. While this may be a 
coincidence, it seems more like a causative relation which requires 
consideration. It suggests the probability that in ether anesthesia 
the glycogen of the liver so changes that it is more readily acted 
on by the diastases which are common to both blood and liver. 

SUMMARY AND CONCLUSIONS. 

Ten dogs were fed on a mixed diet for a period of about a week. 
At the end of that time they were anesthetized for two hours. 
The dextrose and diastase contents of the blood were determined 
at intervals before and during the anesthesia. The animals were 
then fed on a meat diet for a similar period, and the sugarand dex- 
trose determinations made as before, during and after ether anes- 
thesia, in such a way that the concentration of each could be di- 
rectly compared. The results indicate the following: 

1. Ether anesthesia causes a hyperglycemia. 

2. Ether causes a greater hyperglycemia in dogs which have 
been fed on a pure meat diet than on a diet including carbohy- 
drate. 

3. Ether itself, and not asphyxia or excitement, is responsible 
for the greater part of the blood sugar change. 

4. Ether anesthesia does not increase the diastatic power of 
the blood serum. 

5. The diastase concentration of the blood is on the average 
higher in animals which have been fed on a meat diet than on a 
mixed diet. 
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HjTpoglycemia has not been so frequently recorded nor has it 
been considered so important as hj-perglycemia. The reason is 
very apparent. Oiabetes is so common and so fatal a disease 
that all phases of it have attracted attention. I^Tien, therefore, 
it was found that the blood sugar is usually increased and that 
when it reaches a certain concentration it passes into the urine, 
the cause of the disease was thought to be closely associated with 
the blood. On the other hand we know of no disease where hypo- 
glycemia has been considered so important as the hyperglycemia 
of diabetes. If increase in the blood sugar is at all important 
the measures which will cause a decrease must also be of impor- 
tance. The methods which reduce the blood sugar are worthy 
of attention, for the following reasons: First, they may illuminate 
the process of normal sugar metabolism; and second, they may 
reveal something of value in the treatment of peiwerted sugar 
metabolism. While such possibilities exist it must be confessed 
that all of the known, methods of blood sugar reduction are 
brutal and of much more immediate injury^ to the animal than 
the most rapidlj’- progressing hyperglycemia.* 

Reduction of the sugar content of the blood is a rather difficult matter. 
The conditions that may cause a reduction of the normal sugar concen- 
tration are extreme exhaustion,’ adrenal insufficiency,’ Addison's disease,’ 


’ The treatment of diabetes recently advocated by Allen, F. M. (Boston 
Med. and Surg. Jour., 1915, cLxxii, 693-730), apparently does not desen,-e 
this condemnation. 

’ Weiland, W., Deutsch. Arch.f. klin. Med., 1907-08, xcii, 223. 

’ Mayer, A., Compt. rend. Soc. de biol., 1908, l.xiv, 219. 

’ Forges, O., Ztschr.f. klin. Med., 1910, Lxix, 341; 1910, Ixx, 243. 
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thyroid insufficiency, “ poisoning by phosphorus® and hydrazine," high sec- 
tion of the cord,® anaph 3 ']actic shock, intercurrent affections,® moribund 
states,’® and the injection of foreign proteins. The striking ph3'siological 
changes that result from the application of most of the methods are: low 
blood pressure, splanchnic dilation, depleted vitalit 3 ', and, in larger doses , 
a moribund state. In none of them is there the remotest suggestion of 
anything that operates for the welfare of the organism. Various artificial 
hyperglycemias and gl 3 'cosurias have been reported to be lessened b 3 ' the 
administration of certain glandular extracts or salt solutions. Stenstrom" 
found that pituitrin lessened adrenalin h 3 'pergl 3 'cemia. Dresel'® reports that 
extracts of the pituitary, thyroid, ovary, or pancreas when injected with 
epinephrin reduce the height of the hyperglycemia. Miculicich” found 
that hirudin inhibits and Glaessner and Pick''* found that pancreatic juice 
and Witte’s peptone lessen epinephrin glycosuria. Bock and Hoffman'® 
showed that salt glycosuria is lessened by the further action of the in- 
jected saline. It is now known that calcium chloride will lessen salt glyco- 
suria. Underhill'® found that the gWcosuria produced by morphine, P 3 ’ri- 
din, etc., is reduced by the free administration of ox 3 'gen. Other cases of 
the kind are reported by Allen.'® It should be stated, however, that the 
whole subject is unsatisfactory and contradictor 3 '- to such an extent that 
many substances are recorded by some to produce h 3 'perglycemia or glyco- 
suria, while according to others the same drug causes h 3 ’-poglycemia. Phos- 
phorus, salt solutions, and peptones arc among such drugs. Also in most 
moribund states the blood sugar increases immediately before death. 


® Cushing, H., The Pituitary Bod 3 ' and Its Disorders, Philadelphia, 
1910, 132 and 202. 

® Frank, E., and Isaac, S., Arch. f. exper. Path. it. Pharinakol., 1911, 
Ixiv, 274. 

' Underhill, F. P., Jour. Biol. Chem., 1911-12, x, 159. 

® Falta, W., quoted by Cammidge, P. J., Gl 3 'cosuria and Allied Condi- 
tions, London, 1913, 144. Chauveau, A., and Kaufmann, M., Compl. rend. 
Acad. d. sc., 1893, cxvi, 298, 551, and 613. Bernard, C., Legons sur la physi- 
ologic ct la pathologic du syst5me-ncrvcux, Paris, 1858, i, 406 and 482. 

® Cammidge, loc. cil., ISO. 

'® Macleod, J. J. R., Diabetes; Its Pathological Ph 3 'siology, New Xork, 
1913, 58. Also Bock, C., and Hoffman, F. A., Jahresb f. Thierchem., 1874, 
iv, 440. 

" Stenstrom, T., Biochem. Ztschr., 1913-14, Iviii, 472. 

Dresel, K., Ztschr. f. exper. Path. u. Therap., 1914, xvi, 365. 

” Miculicich, M., Arch.f. exper. Path. u. Pharmakol., 1912, Ixi.x, 128. 

Glaessner, K., and Pick, E. P., Ztschr. f. exper. Path. u. Therap., 1909, 
vi, 313. 

'® Bock and Hoffman, Reichert and Du Bois-Re 3 ’mond’s Arch, f Anat., 
1871, 550; Jahresb. f. Thierchem., 1874, iv, 435. 

'® Underhill, F. P., Jour. Biol. Chem., 1905-06, i, 113. 

'® Allen, Studies ConcerningGl 3 'cosuriaandDiabetcs, Boston, 1913,855ff. 
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In making blood transfusions from one normal animal to another 
we have noticed that there is a general tendency for the blood 
sugar of the recipient to fall. The reduction may be small in 
amount but at the same time it is suggestive. IVe have since 
found that this is a common result of the intravenous injection 
of proteins and especially of peptones. It is of this later action 
that we vish to report. Henderson and Underhill'® have reported 
glycosuria following the injection of peptone. We can not con- 
firm their results, and look upon the glycosuria they describe not 
as a peptone but as either an ether glycosuria or as an exception 
to the regular peptone action. Simitar e.xceptions may be seen 
in those cases in which peptone hastens rather than retards the 
coagulation of the blood.'® The whole subject of the action of 
sera, organ e.xtracts, and to.xins on the sugar content of the blood 
is in an unsatisfactorj' state, and the action perhaps varies with 
conditions. Our own work is concerned only with the action of 
peptone and it shows that the usual result of the intravenous 
injection of peptone, especially if it causes splanchnic dilation, 
is a fall in the level of the blood sugar. 

In the present work we used Witte’s peptone, and think that 
it is more active in causing a lowering of the blood sugar when 
it is dissolved in cold water and not boiled after solution. We 
obtained similar results with silk peptone and with gelatin; and 
in several cases of anaphylactic shock, which resembles peptone 
action, we found a hj^poglycemia; not in all cases, however.®® 

METHODS. 

To determine the action of peptone on the blood sugar our 
work ma}' be divided into three parts: 


» Henderson, Y , and Underhill, F. P., Am. Jour. Physiol., mi, xxwiii, 
2S0. 

Stewart, G. N., A Manual of Physiologj-, Philadelphia, 5th edition. 
1906, 47. 

” Woodyatt’s case of human transfusion may be cited to show the harm- 
ful influence of the intravenous injection of proteins. It also agrees with 
the work of Henderson and Underhill. At least part of the harmful result 
m this case may be attributed to the anesthetic (IVoodyatt, R. T., and 

Raulston, B. O., Aour. JSfoZ. CAem., 1914, xvii, p, 1). 
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First: Experiments in -which the dogs were first etherized and 
a sample of blood was taken for sugar analysis after which the 
peptone was immediately injected and the ether removed. In 
some cases blood samples were taken before etherization. The 
later samples were taken without the use of ether. If in all cases 
samples of blood had been taken before etherization the data 
would have been more complete. However, we know the general 
action of ether on the blood sugar, and the additional data that 
might have been gained would in no way affect the general con- 
clusions. The results of this work, tabulated in Table I, shoAv 
clearl}'- that under these conditions peptones at least do not in- 
crease the sugar content of the blood. There is always an increase- 
in the blood sugar under ether; if after the short period of etheri- 
zation, which was never more than fifteen minutes in this work, 
the ether be removed, we must expect a rather sudden return of 
the sugar to the original level. If, however, peptone causes a 
great hyperglycemia, this drop should not take place, or at least 
the hyperglycemic state should soon be manifest. Clearly, such 
is not the case. Any rise in the sugar concentration under these 
conditions seems to be due to the ether. 

Second: In this group of experiments, as recorded in Table II, 
no ether or other anesthetic was used. The normal sugar was 
determined immediately before the injection of the peptone and 
at intervals for several hours afterward. In about two hours 
after the injection the sugar content of the blood reaches a mini- 
mum. The usual result is a fall of the sugar to about one-half 
or one-third of the original. Between the injection of the peptone 
and the hypoglycemic state there maj"- be an increase in the sugar 
concentration of the blood, but as a rule this is transient and 
insignificant, and due, we think, to asphyxial conditions. Bo far 
as we have found it has never led to glycosuria. In one extreme 
case the blood sugar rose to 0.46 per cent, but the rise could not 
be attributed to the peptone action, as the animal was moribund 
and the symptoms indicated asphyxia. A few other cases showed 
considerable rise from the same reasons. In those cases where 
any marked rise occuiTed the animal died in a short time. Such 
cases we consider moribund, and from them no legitimate conclu- 
sion can be dra-wm. 

Third: Those cases in which the animal was kept under the 
influence of ether throughout the experiment. The results are 



421 


H. McGuigan and E. L, Ross 

sununarized in Table III. This indicates that it is the ether and 
not the peptone that raises the sugar concentration. When the 
ether is removed the sugar falls; when it is again administered the 
sugar content rises. This last rise takes place notwithstanding 
that the gnimnls after this amount of peptone are so depressed 
that their resistance is low and consequently they e.\-hibit but 
little e.vcitement. In all cases, ether is decidedly antagonisticto 
the action of peptone. 

Method of Sugar Determination . — ^Between 5 and 10 gm. of blood were 
drawn from the femoral or jugular vein with a syringe. When it was 
thought that the concentration was low, slightly more blood was taken. 
On the average about 8 gm. were used. It was added directly to a weighed 
solution of sodium sulphate and acetic acid (crystalline sulphate 20 per 
cent and acetic acid 1 to 1.5 per cent) and again weighed. The precipita- 
tion was completed by heat, and the coagulum was Sltered and washed with 
some of the sulphate acetic acid solution. About the same amount of solu- 
tion was used in each case. Consequently the final volume was the same. 
The permanganate method of titration of the reduced copper from Fehl- 
ing’s solution was used and the permanganate solution was prepared so 
that 1 cc. represented 1 mg. of de.vtrose. The solution was standardized 
by adding a known solution of dextrose to the same volume of the acid- 
sulphate as was used to precipitate and to wash the blood proteins. This 
old method we believe has as yet no superior. 

It is well known that if peptone be present in a solution of sugar which 
is to be determined by a Fehling solution, it will hold the reduced copper 
in solution. It is also known that it is very difficult to precipitate peptone 
and we do not think that this method could be relied on for this purpose. 
The solvent effect of even smalt amounts of peptone on cuprous oxide is 
enormous. For this reason it may be thought that the reduction of the 
sugar reported may be more apparent than real. We think the factor of 
peptone interference has been eliminated for the following reasons'. Sub- 
stances injected into the blood soon leave it e.xcept in the merest traces. 
We also tested the filtrate after the proteins were precipitated, and could 
never detect peptone by the ninhydrin and biuret tests, the limit of which 
is delicate enough to detect peptone present in sufficient concentration to 
interfere with sugar determination. Finally, the strongest argument 
against such an assumption is the fact that the tests show a larger amount 
of sugar one hour after the injection of the peptone than some hours later. 

DISCUSSION. 

Regarding the mechanism of the action of peptone or an expla- 
nation of its action we have only suggestions to oiler. As pointed 
out above, the most striking common physiolo^cal change is 
splanchnic dilation. This, together with the well known action 
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of albumoses and peptones on the liver, leads us to think that 
the fundamental cause is a change in the circulation of the liver. 
The whole action of the peptone when administered in the way 
stated is a condensed fatigue eifect. The question of the glycogen 
in the liver is important. We determined this in three cases 
onl 3 ^ In these we found it to be 0.45, 1.91, and 3.18 per-cent. 
The blood sugar in the last case was lower than in any of the 
others. From these facts it is evident that depletion of the liver 
glycogen is not essential to the hypoglj’-cemia, although the 
average of the glycogen content seems to be diminished.^ 


CONCLUSION. 

The intravenous injection of albumose and peptone in most 
cases causes a pronounced h 3 ^poglycemia. This action seems to 
be due to circulatory changes in the liver. 

TABLE I. 

Animals Given Ether Only during the Injection of Peptone — 15 to SO 

Minutes. 


Dito 

WoiRht 
of doc. 

Wcijtht 

peptone 

Volume 

Blood 
sugar at 
begin- 
ning 

Blood sugar 

Blood sugar 

of untcr 


i 

After 


After 

1014 

Kg. 

gm 

cc 

per cent 

per cent 

hrs 

per cent 

hrs 

Dec. 14 


5 

50 



3 

0 038 

5 

Nny 28 


5 

100 



3 



Juno 10 


10 

100 

0 054 
before 


15 min 

0 033 

24 





ether 





“ 20 

13 3 

5 

100 

0 152 

0 075 

2 



July 15 

10 3 

6 


0 061 

0 048 

24 





Morphine 

and ether 






Mny 25 


5 

100 

0 104 

0 049 

15 



" 2fi 


5 

100 

0 098 

0 070 

20 



June IS 

16 0 

10 

100 

0 072 

0 077 

2 

Animal d 

icd during 








night 


“ 22 

0 0 

5 

100 

0 070 


20 



“ 24 

10 5 

5 

30 

0 088 

0 199 

1 

0 021 

3 

“ 20 

1 

10 5 

6 

50 

: 0 070 

0 098 

1 


3 


Bock and Hoffman (reference 10) have shown the marked influence 
of disturbed liver eirculation on the sugar concentration of the blood. 
Their animals, however, were moribund. 
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Ether throughout Experiment 


Date 

tt 

o 

3 

"S 

a 

*o 

^ o 

|l 

O 

O 

£g 

m Cl 

C J5 
> 

o 

(- 

c m 
U'Z 
s ^ 
cr 

If sJ 

1 = 

U’Z G 

Ss~ 

:r*5 G 
«3 

£ & 

- e o 

K e<'H, 

• 

= S® 

O f c. 

H 

£ 

G 

£ 

53 

£ ® ® 
=*5*5 

€ a £-g 



to 

pm 

ce 

pcj ctnl 

percent 

per cent 

Ar» 

per cent 

min 

Feb 

9 

9 2 

6 

20 


0 056 



0 030 

30 


30 

6 5 

2 

10 

0 052 

0 090 

0 152 

4 

0 064 

30 


n 

9 0 

6 

30 

0 073 

0 140 

0 165 

4 

0 067 

1 hr 

Jan 

3 

12 0 

G 

50 


0 095 

0 160 


0 055* 

2hrs 

Ma3 

7 

12 0 

0 

75 

0 060 

0 no 

0 149 

I 

0 OSo 

30 


* In the middle of the experiment the ether was remox’ed and the sugar 
fell to the ion point given Etherization again raised the sugar to the 
figure mentioned 
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ON THE KYRINE FRACTION OBTAINED ON PARTIAL 
HTOROLYSIS OF PROTEINS. 

SECOND COMMUNICATION. 

Bt P. a. LETONE and J. van deb SCHEER. 

(From the Laboratories of the RocUfeller Institute for Medical Research.) 

(Received for publication, July 14, 1915.) 

The significance of the theoretical assumptions based on 
Siegfried’s original conception of the composition of kjTines 
has been discussed in an earlier paper.‘ According to Siegfried 
the kjTmes are fragments of the protein molecule — poljiieptides, 
resembling in everj-- respect the natural protamines, and as such 
carry evidence in favor of the assumption that the molecule of 
everj' protein is built around a protamine nucleus. Levene and 
Birchard succeeded in fractionating the kjTine fraction of gelatin 
into two peptides, one containing in its molecule only arginine 
and the other only lysine. One of the two was obtained in a 
state of satisfactory' purity. The work was since then extended 
to the study of the kyrine fraction of casein. The object of the 
work was twofold. First, it was realized that the kyrines ob- 
tained from other sources than gelatin might actually represent 
the large fragments of the structure assumed by Siegfried. On 
the other hand, it was possible that most kywines were composed 
of simple basic peptides. In that case, a comparative study of 
their structure could be expected to furnish some information 
as to the distinctive structure of the molecule of individual 
proteins. 

The procedure employed for fractionating the gelatin kyrine 
was applied in a general way also for fractionation of the substance 
obtained from casein. Only one additional step was introduced. 
In the earlier work the kyoane was separated into one part forming 
a silver complex insoluble in water, while the other part was solu- 

' Levene, P. A., and Birchard, F. J., Jour. Biol. Chem., 1912-13, xiii, 277. 
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ble. In the present -work each of the two fractions was further 
fractionated into two parts, the one forming a phosphotungstate 
soluble in hot water, the other a phosphotungstate which was 
insoluble. The details of the procedure remained as in the 
previous work. 

From one of the fractions it was possible to obtain a sulphate 
which had all the macroscopic appearance and character of a 
crylstalline substance. It was no longer hygroscopic as were 
Siegfried’s kyrines, or the amorphous peptides. It was composed 
of long, glistening needles. Under the microscope they presented 
in part perfect prismatic needles, in part tapering formations 
resembling Lehmann’s liquid crj'^stals (Fig. l). By means of 
fractional crystallization this substance could not be altered in 

, . . .... amino N 

its elementaiy composition nor m its ratio of r— • 

total N 

The ratio prior to ly^drolysis was 50 per cent, and after hy- 
drolysis, 75 per cent. 

Furthermore, it was found that all the basic nitrogen was pres- 
ent in the form of amino nitrogen, hence the peptide contained 
in its molecule only one basic substance : lysine. This assumption 
was substantiated by the fact that the lysine could be isolated in 
the form of its picrate in a quantity required by the theoretical as- 
sumption. Hence there remains no doubt that the substance was 
a tripeptidc containing B'^sine, and two amino-acids, of which one 
did not contain a primaiy NH^ group and therefore miglit have 
been either prolinc or oxjqiroline. The elementary anabasis of the 
sulphate had a complete agreement with the assumption that 
the tripeptide was composed of Ij'^sine, oxj’-proline, and valine. 
The theory for this assumption requires C = 42.20, H = 7.04, 
S = 7.03, and the figures found by ana^'^sis Averc C = 42.29, 
II = G.97, S = 6.G0. 

Unfortunatel}’- we were not equally successful in the isolation 
and in the identification of the amino-acids as we were in that 
of B'sine. '\'’aline was obtained once in a rather small quantity; 
oxy proline has not been identified up to the present. This per- 
haps is due to the fact that in its pure form the substance was 
aA^ailalile for hydroB^sis in eveiy experiment in a rather small 
quantit}". Furthermore, the possibilitj'- is not excluded that the 
sulphate consisted of two, or of several, lysine peptides. 



427 


P, A. Levene and J. van der Scheer 


However, the principal fact was established, namely , that the 
casein kjTjne can also be fractionated into simple peptides each 
containing in its molecule only one basic substance. 



Fig. 1. 


EXPERIMENTAL. 

500 grams of casein were hydrolyzed with 5.5 liters of 12.5 per 
cent hydrochloric acid for five weeks at 40°C, At the end of 
that time the solution was filtered, diluted with water to twice 
its volume, and to the solution phosphotungstic acid was added 
as long as a precipitate formed. After standing in the refrigerator 
over night, the phosphotungstic precipitate was filtered off and 
washed repeatedly with cold 5 per cent sulphuric acid until the 
wash water was free from hydrochloric acid. The precipitate was 
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then dissolved in 5 liters of 10 per cent ammonia, the solution 
brought to a boil, and the phosphotungstic acid removed hy 
means of finely powdered barium hydrate. The excess of barium 
hydrate was removed with carbon dioxide and the filtrate con- 
centrated to a small volume. 

This material was further fractionated by means of silver nitrate 
and barium hydrate. 

The solution was first slightly acidified with dilute nitric acid 
and then silver nitrate was added in slight excess. To the solu- 
tion barium hydrate was then added until no more precipitate 
was formed. Both filtrate and precipitate were acidified with 
sulphuric acid and decomposed with hydrogen sulphide, and, 
after filtering, neutralized with barium hydrate and concentrated. 
The peptides were precipitated with phosphotungstic acid and the 
precipitates freed from nitric acid by repeatedly washing with 
cold 5 per cent sulphuric acid. 

The phosphotungstic acid precipitates were then extracted four 
times with large volumes of boiling hot water. The phospho- 
tungsfcic acid was removed from the aqueous solution by lead ace- 
tate and the excess of lead by hydrogen sulphide. The phos- 
photungstic precipitates were dissolved in ammonia and freed 
from phosphotungstic acid in the way previously described. 
Thus four fractious were obtained, namely: 

1. Phosphotungstate soluble in hot water. 

2. Phosphotungstate extracted with hot 
water. 

3. Phosphotungstate soluble in hot water. 

4. Phosphotungstate extracted with hot 
water. 

Fraction 4, obtained after the treatment with silver nitrate 
and barium hydrate and extraction of its phosphotungstic pre- 
cipitate with hot water, had the ratio of amino nitrogen to total 
nitrogen of about 1 to 3, which ratio did not change after repeat- 
edly fractionating it by means of silver nitrate and barium hydrate. 

The final solution was concentrated to a small volume, acidified 
with sulphuric acid, and precipitated in about 6 liters of 99.8 per 
cent alcohol. The precipitate of the sulphate was filtered off, 
redissolved in a small amount of w'ater, and again precipitated in 


Silver precipitate. 


Filtrate from silver nitrate 
treatment 
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alcohol. It was found that on repeating the process the ratio of 
amino nitrogen to total nitrogen had increased after each precipi- 
tation until it reached the value of 0.50, after which two precipi- 
tations in alcohol did not give any marked change in the nitrogen 
ratio. 

Amino Nitrogen Ratio in the Purified Sidphale. 

The ratio of amino nitrogen to total nitrogen was determined 
according to the method of Van Slyke. 

0.6000 gm. of sulphate was dissolved in 20 cc. of water. 

Total N : 5 cc. of solution neutralized 10.6 cc. HjSOj. N = 14 84 mg. 

Amino N :5 cc. of solution gave 13.20 cc. gas at 23°, 768 mm. N =7.47 
mg. 

^nuno N gQ 5 pgj. cent. 

Total N 

Analysis of the Substance. 

I, 0.1098 gm. of substance gave 0.1664 gm. CX), and 0.0668 gm. HsO. 

0.0668 gm. of substance gave 0.0310 gm, BaSOi. 

II. 0.0929 gm. of substance gave 0.1450 gm. COi and 0.0604 gm. HsO. 

Calcvlsted lor Tound: 

CiiHcN.SOi: I II 


C 42.20 42.29 42.58 

H 7.04 6.97 7.33 

S 7.03 6.60 


Hydrolysis: Nitrogen Distribution. 

2 grams of the sulphate were hydrolyzed for twenty-four hours 
with SO cc. of 20 per cent hydrochloric acid, the excess of hydro- 
chloric acid was then distilled off in tiacuo, and the solution made 
up to 100 cc. 

Total N ; 5 cc. of solution neutralized 6.95 cc. wH!SO<. N = 9.73 mg. 

Amino N : 5 cc. of solution gave 13.10 cc. gas at 22°, 763 mm. N - 7.40 
mg. 

Amino N 

T^iSF P®" 

From this it is evident that after hydrolysis among the corn* 
ponents there was present a substance containing nitrogen in a 
different form from a primaiy' amino group. To that class belong 
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proline, oxyproline, tryptophane, arginine, and histidine. Further 
hydrolysis has shown that all the basic nitrogen was composed 
of amino nitrogen, and hence was made up of lysine. 


Hydrolysis Aiming to Show the Quantity of Lysine in the Peptide. 

Another 20 grams of h 3 ’-drolyzed sulphate were, after removal 
of the h 3 ’-drochloric acid and sulphuric acid as before, made up 
to 500 cc., and 75 cc. of concentrated sulphuric acid and 1 liter of 
10 per cent phosphotungstic acid solution added. After stand- 
ing in the refrigerator the phosphotungstic precipitate was fil- 
tered off and the phosphotungstic acid removed in the usual wa}" 
by means of barium h 3 '^drate. 

Of the 100 cc. solution 2 cc. were taken, the ammonia was 
boiled off with calcium oxide, and the solution made up to 10 cc. 


Total N : 5 cc. solution neutralized 3.10 cc. H5SO4. N = 4.34 mg. 
Amino N : 2 cc. solution gave 3.10 cc. gas at 25°, 765 mm. N = 1.73 


mg. 


Amino N 


99.9 per cent. 


Total N 

Total 100 cc. contain 0.4320 gm. of amino N, corresponding to 2.27 gm. 
of lysine. 


The solution was concentrated to 50 cc. and 3 grams of picric 
acid were added. On boiling, a precipitate was formed which was 
filtered off, washed with ether, and dried. Yield: 5.6 grams, corre- 
sponding to 2.3 grains of lysine. 

0.1500 gm. of the picrate gave 20.20 cc. N gas in the Van Slyke appa- 
ratus, at 22°, 765 mm. 

Calculated for 

CvHnN 202 .CiiH 2 (N 0 j) 30 H: Found: 

X 7.80 7.65 


Hence it is made clear that the substance contained onl 3 " one 
base, and that this was lysine. 


Analysis of the Mono- Amino-Acids. 

10 grams of the sulphate were h 3 ’^drolyzed b 3 '’ boiling for twenty^- 
four hours with 200 cc. of 20 per cent hydrochloric acid ; the sul- 
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phuric acid was removed with barium hydrate and the hydro- 
chloric acid distilled off under diminished pressure. The remain- 
ing hydrochloric acid was removed by means of silver sulphate. 
The silver was removed finally with hydrogen sulphide and the 
sulphuric acid quantitatively with barium hydrate. 

It was attempted to separate the amino-acids by converting 
them into the copper salts. This process was not successful. 
Hence the lysine was removed by means of phosphotungstic acid. 
The filtrate was freed from the excess phosphotungstic acid by 
means of barium hydrate. This again was removed quantita- 
tively by means of sulphuric acid. The solution was concen- 
trated to a very small volume. Absolute alcohol was then added 
to the solution. On standing, a precipitate formed which was 
filtered over a small Buchner funnel, washed with alcohol, and 
recrj'stallized from a minimal quantity of water. The jneld was 
0.200 gram. 


N ■.0.020 gm. of substance gave 4.00 cc. gas at 21®, 76S mm. 
N = 2.28 mg. 

The substance contained 6.37 per cent ash. 

0.09(0 gm. of substance gave 0.1841 gm. CO- and 0.0792 gm. H.O. 


Calculated for 
CsKiiKOs: Found: 

C 51.30 51.68 

H 9.40 9.11 

Amino K 11.95 12.17 


The substance had the following rotation; 




+ 0.70° X 2.8885 
0.5 X 1.055-X 0.1500 


+25.54° 


Attempt to Isolate a-Proline or Oxyproline. 

The product of hydrolj'sis of 10 grams of the sulphate was pre- 
cipitated with phosphotungstic acid and the filtrate freed from 
phosphotungstic acid with barimn hydrate in the usual way. In 
the barium-free solution the amino-acids were converted into 
their copper salts. From the mixture a-proline could not be iso- 
lated. Hence the product was freed from copper, the solution 
was made up to a volume of 80 cc. to which 3 grams of barium 
hydrate were added, and heated in a sealed tube at 140-150'’ for 
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five hours. The attempt to isolate the copper salt of the inactive 
a-proline was not successful. 

In another experiment with 10 grams of the sulphate an attempt 
was made to isolate oxyproline. The product was treated with 
phosphotungstic acid, and the amino-acid fraction was converted 
into the copper salts. The process which had been successfully 
emplojmd in this laboratorj’- on a preAdous occasion w'as followed 
in this experiment.- The copper salts were fractionated b}’- means 
of dilute alcohol (80 per cent) but no pure oxyproline could be 
isolated. 

- Levenc, P. A., and Beattj', W. A., Ztschr.f. physiol. Chem., 1906, xlix, 
256. 
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The object of this investigation was twofold: (1) to gather 
spectrographic data with a view to using the same in the study of 
the constitution of proteins and their derivatives^ and in particu- 
lar (2) to throw light on the peptide linking; to ascertain for 
instance, whether the keto-enol tautomerism suggested bj' Dakin,* 
in e.vpIanation of the interesting and valuable phenomenon of 
the “racemization” of proteins, can be shown by spectrographic 
methods. 

In regard to the first object, the results show that, with the 
e.xception of the aromatic derivatives phenylalanine and tjTosine, 
the amino-acids do not show any special absorption, it being gen- 
eral in the extreme ultraidolet. The same holds true with their 
alkaline or acid salts, i.e., when they are dissolved in sodimn 
hydroxide or hydrochloric acid. The results are in harmony with 
those of Hartley, Balj', Stewart, Hantzsch, Ley, Henri, and others 
who have shown that aliphatic acids,* alcohols,* esters,* amines,* 
and amides* produce no specific absorption, or in other words 
contain no chromophoric group. 

* Read before the Biological Section, American Chemical Society, 
'Seattle, Wash., August, 1915. 

Dakin. H. D., Jour. Biol. Chem., 1912-13 xiii, 357. Dakin, H. D., and 
Dudley, H. W., ibid., 1913, 263. 

’ Bielecki, J., and Henri, H., Ber. d. deutsch. chem. Gesellsch., 1912, xlv, 
2S19. 

‘ Bielecki and Henri, ibid., 1913, xlvi, 1304. 

‘ Bielecki and Henri, Compt. rend. Sac. de biol., 1913, clvi, 1860. 
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Qualitatively spealdng, the absorption in the ultraviolet is of 
very little value, if any, for the aliphatic amino-acids, while for 
tyrosine and phenylalanine, the absorption is very marked, and 
may be useful in demonstrating the presence of such groups in 
protein derivatives, as for example, peptides. Quantitative re- 
sults, wdiich we were unable to make, owing to unavoidable delay 
in importing a sector photometer, will probably show greater 
usefulness. 

On the other hand the equilibrium suggested by Dakin, accord- 
ing to previous wmrk should give, if true, a specific absorption. 
Dakin’s ideas are expressed by the reaction : 


>C-C-N- 
H II H 
O 


>C=C-N- 

I H 
0 
H 


which assumes that one of the h3’'drogen atoms of a carbon atom 
is labile. A similar tautomerism wms studied by Baly and Desch® 
wdio had very good reasons for believing that the special absorp- 
tion of ethyl acetoacetate and acetylacetone was due to a djmamic 
isomerism, between their keto and enol forms: 


0 

CHs - C - CHo - C - OC:He 

II 
o 


Jr 




o 


CHj - C = CH - C - OC2H5 

I 

0 

II 


o 

II 

CHj - C - CHo _ c - CHj 

II 
o 


Jr 


o 


CH, - C - CH - C - CH, 

I 

o 

H 


The explanation of this special absorption has since been some- 
what modified, it being fairly well shown that it is not the oscilla- 
tion of the hydrogen atom that causes the specific absorption, but 
the salts of these two forms, or the forms themselves.'^ These 
facts, together with the fact that acetone and similar substances 
having double bonds are chromophoric, would lead us to expect 

‘ Baly, E. C. C., and Dcsch, C. H., Tr. Chcm. Soc., 1904, Ixxxv, 1029. 

’’ Biclecki and Henri, Compt. rend. Soc. de biol., 1913, clvi, 1322. 
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specific absorption in Dakin’s “racemization” tautomerism. This 
expectation is increased by the fact that an excess of sodium 
hydroxide acts cataljdically in Dakin’s phenomenon as well as 
in the absorption of ethyl acetoacetate. 

So far, however, we have found no absorption band which would 
support the tautomerism suggested by Dakin. It is possible 
that in other solvents and imder more favorable conditions such 
specific absorption may be found, but it is not probable. 

Owing to the importance of the matter, we should like to call 
attention to the following points, which, even though they ha%"e 
nothing to do with absorption, tend to show that Dakin’s ex-pla- 
nation of the facts is incorrect: 

1. Dakin and Dudley state that their “racemized” protein is 
indigestible, he., not digested by pepsin, tejiDsin, and erepsin; 
which they take as e\ddence of complete racemization. This seems 
very hard to understand, as it has been shown that trypsin^ digests 
many and erepsin^ all racemic peptides. The indigestibility seems 
to indicate more than racemization; it indicates a profound change 
in the protein molecule, either in the configuration other than opti- 
cal, or in an extended adsorption of alkali. But if the racemiza- 
tion of their substance is complete, then there can be no question 
of an equilibrium and the equation becomes; active form— > enol 
form — > racemic form. This possibility would mean that there 
is a difference in chemical action between optically active and 
inactive substances, which would be the first instance on record. 
It is possible that Dakin and Dudley meant that the “racemized” 
protein'® was more or less the enol form and that on hydrolj'sis 
equal quantities of optical antipodes were produced as a result 
of the law of chances. This would account for its indigestibility 
and other properties, but as stated above no e\ddence of such 
enol formation has yet been found. 

2. Dakin and Dudley found that all amino-acids obtained from 
racemized proteins are not inactive, and explain this by assuming 
that those that are active are the ends of peptide chains, i.e., 



« Abdcrhalden, E., London, E. S., and Voegtlin, C., ibid., 1907, liii, 334. 
Their statenient reads that raccmizniioTi, and not enol formation is 
complete. ’ 
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their carboxyl groups are free in the original protein. This ex- 
planation seems purely hypothetical, as recent work shows that 
native proteins like gelatin and casein have very few, if any, free 
carboxyl groups. This heterodox statement is based on three 
sets of facts: (1) Cupric hj’-droxide reagent,^^ which is a very sensi- 
tive test for conjugated and unconjugated a- and / 3 -amino-acids, 
does not show any free carboxyl groups in proteins. This does 
not prevent 7-amino-acids from being free and escaping detection 
with this reagent, but this is only possible in proteins when one 
of the carboxyl groups of glutamic acid'" (7 position to the NHo) 
would be free. This possibility would, however, only allow for 
one carboxyl group being free and not the one which, according 
to Daldn’s hypothesis, would allow glutamic acid to escape enol 
tautomerism. (2) D. D. Van Slyke’s reagent for free NHo groups 
showed in the proteins,'* gelatin and casein, that only enough 
reaction is obtained to account for one NHo group, which seems 
to be that of the second NHs group of the diamino-acid, lysine. 
Van Slyke concludes that practically all amino groups are in pep- 
tide linlungs. This agrees with the results of the copper method, 
that most of the carboxyl groups if not all, are conjugated. ( 3 ) 
The very careful work of L. L. Van Slyke''' and collaborators with 
caseinates indicates that the number of carboxyl groups cannot be 
very large, probably not more than one or two. It is difficult to be 
certain, as salt formation of proteins with bases, without demon- 
strating the neutralization by its heat or otherwise, is no proof 
that carboxyl groups or replaceable hydrogen atoms are involved.'® 
It is possible that amides, which are not detected by the copper 
method, or by Van Slyke’s reagent, might escape enol tautomer- 
ism, and thus account for some of the active amino-acids, or it 
is possible that the alkali used by Dakin and Dudley increased 
the number of carboxyl groups through hydrolysis, but the finding 
of active amino-acids in “racemized” protein cannot be taken 
as a test for free carboxyl groups in the original protein. 

Kober, P. A., and Sugiura, K., Jour. Am. Chem. Soc., 1913, xxxv, 1580. 

>= Kober and Sugiura, loc. cit., 1573. 

” Van Slyke, D. D., and Birchard, F. J., Jour. Biol. Chem., 1913-14, 
xvi, 539. 

“ Van Slyke, L. L., and Bosworth, A. W., ibid., 1913, xiv, 203, 207, 211 
227. Van Slyke, L. L., and Winter, O. B., ibid., 1914, xvii, 2S7. 

liober and Sugiura, Am. Chem. Jour., 1912, xlviii, 3S4, 410. 
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The statement of Dakin and Dudley, that the racemization of 
amino-acids at a high temperature wnth alkali has nothing in 
common Ttith the racemization of proteins at a lower tempera- 
ture, seems not yet warranted, since the difference between the 
two processes may only be one of speed, due t-o a difference in 
temperature and other accelerating conditions. Dakin and Dud- 
ley required eighteen to twenty days for partial racemization of 
their substance at 40°C., whereas at 180°C. with barium hj^drox- 
ide, 7 grams of -valine*® were racemized completely -within twenty 
hours. Aspartic acid*’ was racemized completely -with hydro- 
chloric acid in several hours. 

Our interest in the peptide linking, besides that in connection 
with the general constitution of proteins, was in reference t-o the 
salt or complex formation of the substances with cupric hydroxide. 
Dakin himself realized the effect of such an equilibrium on the 
constitution of the salts, stating that it would throw “light on the 
relative position of some groups in protein and peptide complexes.” 
Dakin*® supposed that the enol form wotild (as it is quite natural 
to suppose) make salts by the replacement of the labile hydrogen 
atom. The fact that dipeptides act as dibasic acids, i.e., combine 
-svith one molecule of cupric hydroxide, in forming comple-xes, is 
in harmony with Dakin’s hypothesis, but tri- and tetrapeptides 
also act as dipeptides, i.e., combine -with only one molecule of 
cupric hydroxide. Therefore if the enol form is responsible for 
the “dibasicit 3 r” of dipeptides, then tri- and tetrapeptides would 
have only one enol group, since they are also “dibasic.” This 
would not harmonize at aU -with the facts obtained by Dakin 
and Dudley, that the majority of amino-acids in “racemized” 
proteins are inactive. On the basis of an extended studj’-*® of the 
copper complexes and the biuret reaction we find, however, that 
e-vddence of enol forms ha-ving a role in the formation of complexes 
is wholly lacking. 

“ Ehrlich, P., and Wendel, A., Biochem. Zlschr., 1908, viii, 399. 

’’Micheal, A., and Wing, J. F., Ber. d. devlsck. chem. Geselhch., 1884, 
vvii, pt. ii, 2984. 

'* Private communication. 

” Kober and Sugiura, Am. Chem. Jour., 1912, xlviii, 383. Kober, P. A., 
and Haw, A. B., Proc. of Organic Sect., Am. Chem. Soc., Seattle, Wash.’, 
Aug.. 1915. 



438 


Spectrographic Study of Amino-Acids 


SUMMAET. 

1. The absorption of aliphatic amino-acids, in acid or alkaline 
solution, is only general in the extreme ultraviolet. 

2. The aromatic amino-acids show absorption bands, which 
may be useful in detecting their presence in peptide chains. 

3. The presence of an excess of alkali with these substances 
seems to increase the amount of absorption and tends to shift 
it towards the red end of the spectrum. 

4. The spectrum of di-and tripeptides in acid or alkaline solution 
shows no special absorption, it being similar to that of the free 
amino-acids. 

5. The lack of special absorption of the peptides in alkaline 
solution, and other points which were discussed, show that the 
keto-enol tautomerism in peptide linkings, as suggested by Dakin 
and Dudley in explanation of the "racemization” of proteins, is 
doubtful and unsupported. 

EXPERIMENTAL. 

Technique. 

Instrument . — The Hilger-® spectrograph, size c, was used in con- 
nection with a sparldng outfit,-* which consisted of a J kilowatt 
rotary converter, transformer (giving about 15,000 volts), and 
condenser. This gave a strong spark between the electrodes, 
when they were one-fourth inch apart. 

In order to eliminate fluctuations of the light, we had arranged 
in front of the slit a set of quartz prisms®^ so made that the 
light from the source was divided into two identical paths, one, 
however, going through the cell and the other going to the instru- 
ment, without the cell, as a control. When no absorbing medium 
was used, these two paths of light produced a photograph of the 
tw'o spectra (to about 2000 A. u.) in close juxtaposition, of equal 
intensity, so that any absorption in one of them was easily noticed. 
The correct position of the electrodes was determined and main- 
tained as follows: A piece of paper was securely fastened under- 

Made bj' Adam Hilger, Ltd., London. 

i\Iade by Clapp-Eastham Co., Cambridge, i\Iass. 

Made especially for us by Adam Hilger, Ltd. 
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Death the source of light, on the table supporting the electrodes. 
Horizontal movements of the electrodes vrere then made and re- 
corded, and photographs taken. The variations of heights vrere 
similarly recorded, by means of a plumb-bob held by a fixed 
metallic rack, fastened securely to the spectrograph. After the 
correct point vras found, i.e., the one giving the spectra from each 
of the two paths identicall}'', the plumb-bob was fixed so that 
its end, when it was suspended, always gave the e.xact point for 
the somce of light. The position of the cells (Baly’s) so that they 
were axially centered was determined by a similar process. Noted 
positions were photographed until the correct one was found. 

The electrodes were prepared according to Harry Jones^ and 
the wave length of the lines used as standard was determined by 
comparison with a photograph of a cadmium spark taken on the 
same plate. The glass wave length scale was made after the 
instrument had been set up, from a photograph of an iron spark. 
The photographic plates were those of Wratten and Wainwright, 
(“Panchromatic A”) 10 x 4 inches, which allowed fifteen exposures 
or double spectra on one plate. The exposures were each one 
and one-half minutes. 

Solutions . — Stock solutions were made by dissolving 0.0500 
gram of substance, either as a free base or as a salt, in water and 
making up to 100 cc., which gave a 0.0500 per cent solution. 
Alkaline solutions were made by taking 2.5 cc. of 2 N sodium 
hydroxide and making up to 50 cc. with stock solution. This 
gave a 0.0475 per cent solution of the substance in a ^ solution 
of alkali. The acid solutions were similarly made with 2.5 
cc. of 2 N hydrochloric acid. 

“ Jones. H. C Carnegie Insiilulion of Washington, Publication No 110 
1909, 9. ’ 



Ainino-Acids. 


Substance. 


'Wave lengths, at which edge of absorption is visible on 
photograph plate to naked eye, for different 
thicknesses of liquid. 



1 mm. 

5 mm. 

10 mm. 

20 mm. 

Glycine 

245 tifi 

248 iifi 

252 /i/i 

259 fin 

Glycine in 0.1 NaOH 

226 

250 

257 

269 

Glycine in 0.1 HCl 

226 

242 

249 

256 

Alanine 

215 

228 

232 

237 

Alanine in 0.1 NaOH. . . . 

223 

230 

237 

248 

Alanine in 0.1 HCl 

234 

243 

244 

245 

Amino-butyric acid 

225 

225 

230 

235 

Amino-butyric acid in 
0.1 NaOH 

230 

233 

237 

246 

Amino-butyric acid in 
0.1 HCl 

232 

242 

248 

249 

"Valine 

224 

226 

230 

235 

Leucine 

219 

225 

233 

237 

Leucine in 0.1 NnOH .... 

220 

231 

23S 

242 

Leucine in 0.1 HCl 

221 

226 

230 

235 

Aspartic acid 

220 

223 

226 

235 

Aspartic acid in 0.1 
NaOH 

220 

229 

235 

245 

Aspartic acid in 0.1 HCl . 

220 

227 

231 

234 

Asparagine in 0.1 

NaOH 

220 

230 

238 

245 

Asparagine in 0.1 HCl. . . 

219 

226 

233 

237 

Glutamic acid 

224 

227 

231 

233 

Glutamic acid in 0.1 
NaOH 

232 

234 

23G 

240 

Glutamic acid in 0.1 HCl. 

219 

226 

231 

239 

Cystine in 0.1 NaOH 

233 

260 

277 

294 

Cystine in 0.1 HCl 

231 

252 

270 

289 

Histidine di-HCl 

225 

235 

239 

242 

Histidine di-HCl in 0.1 
NaOH 

230 

239 

244 

250 

Histidine di-HCl in 0.1 
HCl 

230 

236 

241 

244 

Arginine di-HNOs 

232 

243 

252 

258 

Arginine di-HNOj in 0.1 
NaOII 

239 

240 

254 

262 

Arginine di-HNOj in 0.1 
HCl 

242 

254 

260 

270 

Phenylalanine 

230 

235 263 

235 267 

234 269 

Phcnj’lalanine in 0.1 
NaOH 

232 

239 268 

238 270 

238 272 


40 mm. 


269 nn 

280 

266 

242 

257 

254 

242 

256 


242 

238 

250 

244 

244 

255 

246 

255 

245 
238 

249 

248 

300 

300 

244' 

256 

245, 

265 

277 

280 


n 


232 272 
238 276 
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edges sharp. 
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Amino-Acids — Concluded. 


Wove lengths, at which edge of absorption is visible on 
pbotogpraph plate to naked eye, for difTcrent 
thicknesses of liquid. 


Substance. 



I am. 

5 mm. 

]0mm. 

20 mm. 

^0 mm. 

Phenylalanine in 0.1 HCI 

227 

236 269 


236 271 

236 274 

Tyrosine 

248 

248 288 

248 292 

248 297 

300 

Tyrosine in 0.1 KaOH. . . 

269 310 

268 317 

320 

324 

328 

Tyrosine in 0.1 HCI 

248 287 

248 291 

248 295 

248 299 

300 

Isoserine 

224 

227 

233 

242 

258 

Isoserine in 0.1 NaOH . . . 

223 

235 

247 

255 

290 

Isoserine in 0.1 HCI 


229 

238 

248 

260 

Dipeplides. 

Alanyl-glycine 

234 

242 

245 

249 

253 

Alanyl-glycine in 0.1 






NaOH (at once) 

228 

237 

248 

258 

275 

Alanyl-glycine in 0.1 






NaOH (after 10 hrs.) . . 

257 

275 

287 

304 

340 

Alanyl-glycine in 0.1 






HCI 

224 

234 

242 

250 

255 

d-Leucyl-Z-leucine 

256 

258 

261 

265 

274 

d-Leucyl-l-leucine in 0.1 






HCI 

253 

254 

255 

256 

258 

d-Leucyl-l-leucine in 0.1 






NaOH (at once) 

248 

250 

255 

270 

284 

d-Leucyl-i-leucine in 0.1 






NaOH (after 20 hrs.) . 

278 

289 

320 

345 

360 

I-Alanyl-d-alanine 

236 

244 

249 

256 


f-Alanyl-d-alanine in 0.1 




HCI 

235 

244 

250 

258 

274 

i-Alanyl-d-alanine in 0.1 






NaOH 

246 

253 

264 

272 

285 


Tripeplides. 


Leucyl-alanyl-glycine . . . 

242 

247 

257 

266 

280 

Lcucyl-alanyl-glj'cine in 




0.1 HCI 

247 

254 

265 

276 

290 

Leucyl-alanyl-glycine in 

1 



0.1 NaOH 

245 

260 1 

1 

272 

298 

323 
















STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 


I, ARE PROTEOSES PREPARED FROM ZEIN AND GEIADIN 
PHYSIOLOGICALLY ACTIVE?* 

By FRANK P. UNDERHILL ak 0 BYRON M. HENDRIX, 

{From the Sheffield Laboralonj of Physiological Chemistry, Yale Unhersiiy, 

New Haven.) 

(Received for publication, July 27, 1915.) 

Two of the more important recent developments concerning 
the physiology of proteins have been the discoverj- of the phenom- 
enon of anaphylaxis and the demonstration of the relation 
of the amino-acid content of the different proteins to their abil- 
ity to meet the nitrogen requirements of the animal body. These 
properties have become so prominent in the minds of students 
of physiologj' that a number of long known reactions have been 
interpreted in terms of one or the 'other. 

Under the stimulation of these new viewpoints the subject of 
“peptone” intoxication is receiving renewed attention. Ana- 
phjdactic shock and the physiological action of “peptone” are 
tn’o varieties of protein intoxication. The exact relation of these 
reactions has been extensively studied by many investigators and 
many points of resemblance have been noted. Others have been 
interested in the amino-acid make-up of the protein in relation 
to the toacity of derived cleavage products. Although several 
investigations on this subject exist, there is no unanimity of 
opinion and almost every study along this line points to a different 
amino-acid as the cause of the “peptone” effect. For the final 
solution of the problem renewed study from various viewpoints 
is essential. The first paper of this investigation is concerned 
ndth one phase of the question. 

* The data in this paper are taken from the dissertation presented 
by Byron M. Hendrix for the degree of Doctor of Philosophy, Yale Univer- 
sity, 1915. 
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Nearly all of the early work (for literature see Underhill, ’03) on the 
physiological action of proteoses was carried through with proteoses pre- 
pared from Witte’s “peptone” or by using untreated Witte’s “peptone.” 
It is stated that this substance is made by digesting fibrin with pepsin 
and hydrochloric acid. The suggestion was made, especially in Hofmeister’s 
laboratory, that the toxic body exists preformed in the animal tissues, 
and is added unchanged to the proteoses either by fibrin or the enzyme. 
Chittenden, Mendel, and McDermott (’9S) investigated this hypothesis 
by employing proteoses which were made b}’’ using papain, a plant enz}Tne, 
as the proteolytic agent. They found the proteoses thus obtainedwere 
just as to.xic as those made from Witte’s “peptone.” Chittenden, Mendel, 
and Henderson (’98) went a step further by using proteoses which had 
been prepared by employing acid or superheated water as the hydrolytic 
agent. These also were found to be toxic. 

Pick and Spiro (’01) have held the view that the physiological action 
of the proteoses is not a property of pure proteoses, but is caused by an 
adhering toxic substance which they called "peptozyme.” They believed 
that it is present in the animal tissues as a “peptoz 3 Tnogen.” In support 
of their conclusions they claimed that casein and edestin do not yield 
poisonous proteoses under any circumstances, and that the products of 
tryptic or autolytic digestion, or of the hydrolysis by alkali are never 
toxic. They were able to remove a portion of the physiologically active 
substance from Witte’s “peptone” by boiling with 50 per cent alcohol. 
Their digestion mixtures lost the poisonous properties when boiled with 
50 per cent alcohol which had been made alkaline with sodium hydroxide. 
They regard the “peptozyme” as soluble in alcohol, but believe that it is 
destroyed by boiling with alkaline alcohol. 

Underhill (’03) pointed out that Pick and Spiro had failed to separate 
the proteoses in their experiments and did not know whether the material 
which they injected contained a noticeable amount of proteoses. He also 
called attention to the hydrolytic action of sodium hydroxide on proteoses, 
stating that the loss of toxic action of their mixtures when treated with 
alkaline alcohol was undoubtedly caused by a destruction of the proteoses. 
In his own work Underhill was able to obtain toxic proteoses by digesting 
crystallized vegetable proteins with acid, superheated water, or vegetable 
enzymes, demonstrating beyond a doubt that poisonous proteoses are 
formed from pure protein. He injected the unchanged proteins and showed 
that they contained no adhering toxic impurity. 

Popielski (’OS, ’09, ’13) has continued to work with the alcoholic ex- 
tracts of the commercial “peptone” preparations and of the separated 
proteoses. He regards the toxic portion of proteoses as a distinct com- 
pound to which he applies the name “vasodilatin.” The chief chemical 
characteristics of this “compound” are its protein nature and its solubility 
in alcohol. There is little doubt that toxicity is e.xhibited by alcoholic 
extracts of proteose preparations, but inasmuch as certain of the pro- 
teoses are soluble in alcohol, this method of distinguishing the nature of 
the toxic substance is ineffective. 
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That an alcohol-soluble toxic substance can be prepared -svas conclusively 
proven by Vaughan (’13) and his coworkcrs. His method of preparation 
consists in boiling protein nuth 2 per cent sodium hydroxide dissolved in 
absolute alcohol. This treatment dissolves a portion of the protein. 
The soluble portion is very toxic, a few mg. being sufficient to kill a guinea 
pig. The "crude soluble poison” of Vaughan has many of the properties 
of proteoses, but is only partially precipitated by saturating the aqueous 
solution with ammonium sulphate. Both the precipitate and filtrate have 
a marked physiological action when administered intravenously. 

The protamines were found by Thompson (’00)- to have a physiological 
action similar to the proteoses. The protamines occur in combination 
with nucleic acids to form certain nucleo-proteins. They differ from other 
proteins in the high content of diamino-acids, relatively low molecular 
weight, and strongly basic character. Of the distinguishing chemical 
characteristics of the protamines, the only one which would seem suffi- 
cient to account for their toxic action, when introduced into the blood, is 
the large amount of diamino-acids in the molecule; but this peculiarity 
can not be the only one concerned in the physiological action, because 
the protamines lose their toxicity when hydrolyzed by acid. 

Abdcrhalden ('12) has prepared a fourtcen-amino-acid polypeptide 
consisting entirely of leucine and glycocoll which, be says, causes intoxi- 
cation and death in guinea pigs which have received previous injections of 
the satae substance. If the theory of anaphylaxis of Biedl and Kraus is 
accepted, this would indicate that the toxic material is even a simpler 
polypeptide than the one used by Abdcrhalden; for, according to this 
theory, the intoxication results from a-substance formed from the injected 
material by parenteral digestion . It seems impossible for the "peptozyme” 
of Pick and Spiro to exist in the tissues if the toxic body is such a simple 
polypeptide as the work of Abdcrhalden suggests. His investigation 
also discredits the hypothesis that the diamino-acids are of importance in 
proteose intoxication. 

The question of the specific amino-acid or group, responsible for the 
proteose action, has received much attention by recent workers, and the 
results are somewhat conflicting. Barger and Dale (TO-Tl) and Dale 
and Laidlaw (’lO-’ll) have suggested ^iminazolylethylamine, a deri^'a- 
tive of histidine, as a possible factor in this phenomenon. They were able 
to isolate it from extract of intestinal contents where it undoubtedly 
originated by protein putrefaction. ^Iminazolylethylamine causes a 
very distinct fall in arterial pressure, but has no effect on the coagulation 
of the blood, Heyde (’I1-’I23 claimed that methyl guanidine and guani- 
dine when injected into the circulation produce all of the effects char- 
acteristic of proteoses, immunity to subsequent injections of proteose 
being a prominent feature. He believed that his experiments showed 
guanidine and methyl guanidine to be responsible for proteo.se intoxication. 
It is easy to see that these compounds may arise from arginine, but the 
cleavage of this amino-acid does not ordinarily occur during the course of 
proteolysis produced by enzymes or acids. If this were true the digestion 
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products of protamines ivould be exceedingly toxic on account of the 
large amount of arginine in them. 

The most recent work along this line is that of Knaffl-Lenz (T3). He 
claims that the t 3 'pical proteose action is produced only M’hen tryptophane 
is present in the molecule of the injected proteose. His conclusions were 
based on experiments with the digestion products of zein and gliadin. He 
found the digestion products of zein entirely inert when administered in- 
travenously, but his gliadin product had a slight action, and other digestion 
mixtures were still more toxic. His experiments were not made with 
isolated proteoses, but with evaporated digestion mixtures. For this 
reason the results of his investigation are open to criticism as no data are 
given showing the actual amount of proteoses injected. Other investi- 
gators have alwaj's found the proteoses from zein to be toxic. Szumowski 
(’02) prepared a "soluble zein” by digestion with strong alkali, which gave 
a typical though diminished proteose action; Underhill (’03) found the 
zeoses toxic; and Wells and Osborne (’ll) have shown that zein gives a 
typical anaphjdactic reaction. 

EXPEKIMENTAL. 

Arc ZcQscs and Gliadoses Physiologically Active? 

Since the results of Knaffl-Lenz (’13) differ so greatly from those 
of previous workers, and the methods employed are open to so 
much criticism because of his failure to inject definitelj’’ isolated 
substances, the physiological action of zeoses has again been sub- 
jected to investigation. 


Technique. 

Dogs were used as experimental animals. They were made 
to fast for twenty-four hours before the experiment, and narcosis 
was produced bj' a subcutaneous injection of 10 milligrams 
of moiphine sulphate and 1 of atropine sulphate per kilo of body 
weight. During the operation anesthesia was produced, when- 
ever neccssaiy, by means of the usual A.C.E. mixture. The 
blood pressure was recorded from the left carotid artery by a 
mercuiy manometer, the fluid in the connecting tube being a 
saturated solution of magnesium sulphate. 

The proteoses which were dissolved in from 30 to 50 cc. (de- 
pending on the size of the dose) of pltysiological salt solution, 
to which a little sodium carbonate had been added, were injected 
into the right jugular vein. The injection never took longer 
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thun thirty seconds. Blood samples (2—3 cc.) from the right 
femoral artery •were caught in small cylinders, a clean drj^ cannula 
being used for each sample. Blood rras considered clotted Vrhen 
the containing cylinder could be inverted without the loss of a 
drop. 

Preparations. 

A portion of the zein used in these experiments was very kindly fur- 
nished by Dr. T. B. Osborne of the Connecticut Experiment Station, and the 
remainder was made in this laboratory by extracting com gluten with 
boiling S-5 per cent alcohol. The e.xtract was filtered, poured into a large 
volume of cold salt solution, and allowed to stand over night. The pre- 
cipitated zein was strained off and dried on a plate over a radiator. Both 
portions of zein were free from tryptophane as shown by the Hopkins- 
Cole test. 

The zeoses were prepared by digesting zein with 2 per cent sulphuric 
acid in an autoclave for two hours. The liquid was then filtered off, a 
second quantity of the acid added, and the zein again digested for two 
hours. This process was repeated until most of the zein had gone into 
solution. The filtrates were finally united and neutralized with ammonia. 
The small amount of acid protein was rcmoi-ed by filtration, and the filtrate 
evaporated to a convenient %’olume. While still hot the solution was 
saturated with ammonium sulphate. The precipitated zeoses were dia- 
lyzed against running water, in the presence of toluene and chloroform, 
until free from sulphates. A small amount of heteroproteose was removed 
by filtration and the filtrate evaporated to dryness on a water bath. The 
residue, consisting of mixed proteoses, was a brownish material which 
could easily be reduced to a fine powder. 

The gliadin used in preparing the gliadoses was obtained from flour, 
by first washing out most of the starch, drying, and then extracting with 
75 per cent alcohol. The alcoholic extract was filtered and then poured 
into a large volume of salt solution from which the gliadin separated in 
doughy masses which adhered to the stirring rod and the sides of the 
vessel. The salt solution was poured off and the gliadin was dried on 
plates over a radiator. 

In the preparation of gliadoses the method used in preparing zeoses was 
followed. 


Experiments with Zeoses. 

The following experiments show distinctly that zeoses have a 
tj-pical though reduced physiological action. That iromiuiity 
is produced by zeoses was shown by the resistance of the animol 
to subsequent injections of Witte’s "peptone.” 
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Zeoses Prepared by Acid Digestion of Zein. 


Experiment 5. — ^May 16, 1914. Bitch, 8.2 kilos. 

Injected 4.1 gm. zeose (0.5 gm. per kilo). Animal remained quiet during 
and after injection. 

Normal clotting time of blood — 8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

3 minutes 3 hrs. 30 minutes 


5 

20 ■' 

30 

1 hr. 

(After IJ hrs. 4.1 gm. Witte’s 
5 minutes 


3 “ 30 “ 

30 

30 

9 

'peptone” — 0.5 gm. per kilo.) 

47 minutes 


10 “ 12 


Blood pressure in mm. mercury. 

Before injection 12S 

1 minute after injection 3S 

12 minutes ” “ 92 

16 ” ” '' 118 

(Witte’s "peptone” injected.) 

1 minute after injection 54 

3 minutes " " 38 

11 " " " 60 


Zeoses Prepared by Acid Digestion of Zein. 


Experiment 6 . — May 26, 1914. Dog, 6 kilos. 

Injected l.S gm. zeose (0.3 gm. per kilo). Animal remained quiet during 
and after injection. 

Normal clotting time of blood — S minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

1 minute 12 minutes 

3 minutes ' 7 “ 

10 " 11 

20 “ 9 


Blood pressure in mm. mercury. 


Before injection 130 

30 seconds after injection 120 

1 minute " " 90 

5 minutes " “• 110 

9 “ “ “ 130 


Zeoses Prepared by Acid Digestion of Zein. 

Experiment 40. — ^March 15, 1915. Dog, S kilos. 

Injected 4 gm. zeose (0.5 gm. per kilo). Animal remained quiet during 
.•ind after injection. 
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Normal clotting time of blood — 11 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 39 minutes 

6 “ 43 

14 “ 25 ■■ 

23 ■■ 6 '■ 

Blood pressure in mm. mercury. 

Before injection 

1 minute after injection 

3 minutes “ “ 

Y II II II 


150 

90 

120 

ISO 


The results of the experiment, in which only 0.3 gram per kilo 
of zeoses was given, resemble those of BmafS-Lenz (’13) (“Ver- 
suche II, III”). This indicated that his digestion mixture con- 
tained, at most, a small amount of zeoses; for he used as much as 
1.5 grams per kilo in one of his experiments. The only conclu- 
sion which is tenable is that KnafB-Lenz failed to inject sufficient 
zeoses. 

It is unquestionable that zeoses produce effects less marked 
than other typical proteoses. The reason for this is not known. 
Whether the diamino-acid content of a protein has anything 
to do with the toxicity of the proteoses derived from it has not 
been investigated. It is interesting to note, however, that the 
diamino-acid content of zein is less than that of any other true 
protein which has been studied. The toxic proteoses of Witte’s 
"peptone” are relatively rich in these substances. Gelatin, on 
the other hand, contains a relatively large amount of diamino- 
acids and yields proteoses which are entirely without action. 
It contains very little histidine which may be of importance id 
this connection. Vaughan found that his “crude soluble poi- 
son,” which is perhaps the most toxic cleavage product of protein 
yet prepared, contains only 1 to 2 per cent of diamino nitrogen. 

Some preparations of racemized zein which have not been 
purified have a typical though less marked physiological action 
than similar material prepared from other proteins (see second 
paper, Experiment 8). This fact supports the contention that 
toxic cleavage products can be prepared from zein. 

Knaffi-Lenz compared the action of his zein preparation with 
that of a similar one from ghadin, and found e\idence supporting 
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his statement concerning the toxic properties of tryptophane 
groups. Two experiments are given here to show the action of 
purified gliadoses. 


Experiments with Gliadoses. 


Gliadoses Prepared by Acid Digestion of Gliadin. 


Experiment 23. — December 1, 1914. Bitch, 10.75 kilos. 

Injected 5.37 gm. gliadose (0.5 gm. per kilo). Animal remained quiet 
during and after injection. 

Normal clotting time of blood — 7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 

5 “ * 

30 " * 

1 hr. * 

2 hrs. * 

2J. << ** 

4 “ 15 minutes 


Blood pressure in mm. mercury. 


Before injection 130 

1 minute after injection 64 

3 minutes “ “ 42 

6 “ " " 58 

8 ” “ “ 94 

10 " “ " 134 


* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. 


Gliadoses Prepared by Acid Digestion of Gliadin. 

Experiment 26. — December S, 1914. Dog, 5.75 kilos. 

Injected 1.75 gm. gliadose (0.3 gm. per kilo). Animal remained quiet 
during and after injection. 

Normal clotting time of blood — S minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 

S “ 

20 " * 

40 " * 

I hr. ** 

1-5 hrs. 5 hrs. 

3 “ 35 minutes 
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Blood pressure in mm. mercury. 

Before injection 

1 minute after injection 


3 minutes “ “ 32 

8 “ “ “ SO 

3 hrs. " " 80 


* Xot clotted 24 hrs. later. 

*• Found clotted 24 hrs. later. 

From Experiments 23 and 26 it appears that gliadoses have a 
very pronounced influence on the coagulability of the blood and 
a somewhat less marked action on the arterial pressure. When 
these results are compared with those of Knaffi-Lenz, it will be 
seen again that the purified proteoses have a stronger action than 
the digestion mixture which he employed; though there is less 
difference in regard to blood pressure than in the time required 
for the blood to clot. Very few records of the coagulation time 
are given by Knaffl-Lenz. In his “Versuch he shows a 
tj’pical fall in blood pressure after injecting his gliadin digestion 
mixture, but offers no data on clotting of the blood. He asserts 
that a large dose was given and that it acted like a Witte’s “pep- 
tone” injection. This supports the idea that he might have ob- 
tained the typical proteose effect had he used an amount of his 
digestion mixture equivalent, in proteose content, to the ordinary 
dose of the purified product. 

The gliadoses appear to have a somewhat less pronoimced 
action on the blood pressure than such proteoses as those pre- 
pared from Witte’s “peptone,” but the effect on the coagula- 
bility of the blood appears to be just as marked. 


CONCLUSIONS. 

1. The intravenous injection of zeoses in relatively large 
<loses (0.5 gram per kilo) causes a fall in arterial pressure and 
inhibits the coagulation of the blood. 

2. Smaller doses are without marked effect. 

3. Gliadoses have a very' strong inhibiting action on the coag- 
ulation of the blood and a somewhat less marked effect on the 
arterial pressure. 
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4. The statement of Knaffl-Lenz that the presence of trypto- 
phane in proteoses is responsible for their physiological action 
could not be confirmed. 

6. The suggestion is made that the failure of Knaffl-Lenz to 
obtain characteristic effects with his preparations is probably 
due to the relatively small amount of proteoses contained in the 
digestion mixtures employed. 
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STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 

11 THE RELATION OF RACEMIZATION TO THE PHYSIOLOGICAL 
ACTION OF PROTEINS AND PROTEOSES.' 

Bt FRANK P. UNDERHILL BYRON M. HENDRIX. 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(RecBived for publication, July 27, 1915.) 

Tlie power of liraig organisms to distinguish between stereo- 
isomeric compounds is a matter of common knowledge, but until 
recently the nature of racemized proteins had not been subjected 
to biological investigation. Inasmuch as these substances have 
been shown to differ from the native proteins in at least two 
fundamental biological properties it was deemed important to 
study the physiological action of racemized proteins and their 
cleavage products when injected into the circulation. 

The racemization of proteins by alkali was accomplished by Kossel and 
Weiss (’09), but ph3-siologic3l studies were first made bj' Dakin and Dudlej- 
(’ 13) . They prepared racemized casein by digesting this protein with half 
normal sodium hydroxide for three weeks at 37°C. The optical rotation 
of the solution changed from —5.° to —3.° and remained constant at the 
lower value. It was shown that racemized casein and caseoses are not 
affected by the proteolj'tic enzimes in vitro and can be completely recovered 
from the feces of a dog to which they have been fed. 

Ten Broeck (’14) found that racemized egg albumin does not sensitize 
guinea pigs or rabbits to injections either of racemized egg albumin, or of 
the naturally occurring material, and animals sensitized to egg albumin do 
not show the S5naiptoms of anaphjdactic shock when an mjection of race- 
mized egg albumin is administered. He believes that these results support 
the enzjTne theory of anaphylaxis. 

Whether the change has been sufficient to destroy the power of 
the protein to yield a toxic cleavage product is not considered by 

' The data in this paper are taken from the dissertation presented by 
Bj-ron M. Hendri.x for the degree of Doctor of Philosophy, Yale Univer- 
sitj-, 1915. 


453 



454 


Protein Derivatives 


Dakin and Dudley (’13), or by Ten Broeck (’14). The following 
experiments were performed in hope of clearing up this point. 
Racemized casein, zein, and egg albumin were used, together wth 
the proteoses formed from each of these during the process of 
racemization. Proteoses were also employed which were made 
from racemized casein by digestion with acid. 

Technique. 

These experiments were conducted under conditions similar to 
those of the preceding paper. The racemized proteins are 
rather insoluble; therefore, more sodium carbonate was used in 
dissolving them than was emploj'-ed for the proteoses. 

Preparations. 

The racemization was carried out according to the methods of 
Dakin and Dudley and the same procedure was employed for all 
the proteins. A portion of the casein was the commercial Ham- 
marsten product, and a second portion was prepared in the 
laboratorj'^ according to the method of Hammarsten. The egg 
albumin was the commercial material which had been purified by 
precipitation with ammonium sulphate after removal of the glob- 
ulin by half saturation with the same salt. The purified albumin 
was separated from the adhering ammonium sulphate b}’’ dial 3 ’’sis. 
The zein used in these experiments was a portion of the material 
which was emplo 3 ’’ed in preparing the zeoses described in the pre- 
ceding paper. 

The general description of the preparation of the racemized proteins fol- 
lows. 500 gm. of protein were dissolved in 5 liters of half normal sodium 
lO’droxide, and the solution was allowed to stand in a warm room for twen- 
ty-eight daj’S when the polariscopic reading, in the case of casein, had 
changed from —5.'’ to —2.5°. The solution was then filtered, and carefully 
neutralized with acetic acid. The racemized protein separated out of the 
slightly acid solution in a gumm}' mass. The precipitate was removed 
from the acid solution, washed as thoroughlj’- as possible, and dried on a 
plate over a radiator. The resulting material could be easilj' reduced to a 
fine brownish powder. 

The filtrate from the racemized protein was saturated with ammonium 
sulphate and heated on a water bath for about thirt}’ minutes. The pre- 
cipitated proteoses were filtered and diab’zed against running Avater until 
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;ree from sulphate. The dissolved proteoses were then filtered and evap- 
orated- to drjmess on the water bath. Caseoses were also prepared by 
digesting racemized casein with acid. 


Experimenis with Crude Eacemued Protein.^ 

Racemized Casein tUnpurified). 

Experiment 7. — hlay 27, 1914. Dog, 14 kilos. 

Injected 7 gm. crude racemized casein (0.5 gna. per kilo). Animal re- 
mained quiet during and after injection. 

Normal clotting time of blood — 7 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 7 hrs. 45 minutes 

5 " 7 “ 40 “ 

20 “ 2 “ 35 " 

30 " 1 hr. 45 “ 

I hr. 10 " 

Blood pressure in mm. mercury. 

Before injection 154 

1 minute after injection 90 

3 minutes “ “ 126 

6 “ " “ 154 

The dog was not immune to subsequent injections of IVitte’s "peptone." 


Racemized Egg Albumin {Cnpurifed} . 


Experiment 9. — June 4, 1914. Dog, 11.5 kilos. 

Injected 5.75 gm. crude racemized egg albumin (0.5 gm. per kilo). Ani- 
mal remained quiet during and after injection. 

Normal clotting time of blood — 10 minutes. 


Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 


9 

29 

1 hr. 
3 hrs. 


»» 

** 


Blood pressure in mm. mercury. 

Before injection 

30 seconds after injection 

4| minutes “ " 

10 “ “ " ..!!!” 

* Not clotted 24 hrs. later. 

•* Found clotted 24 hrs. later. 


104 

50 

74 

104 


These experiments arc submitted as e.xamples of the type of reaction 
produced. In order to save space a large number of duplicate experi- 
ments IS omitted. 
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Raccntised Zein (Unpuriftcd) . 

I^xpcruncnt i'. — June 1, 1914. Bitch, 5.5 kilos. 

Injected 2.75 gm. crude raceraized zein (0.5 gm. per kilo). Animal re- 
mained quiet during and after injection. 

Normal clotting time of blood — 3 minutes. 


Clotting time of blood after injection. 


Sample collected after 
3 minutes 
5 

10 “ 

30 “ 

1 hr. 


Clotting time. 
1 hr. 35 minutes 
1 “ 30 

1 “ 30 “ 

49 

19 


Blood pressure in mm. mercury. 
Before injection 

1 minute after injection 

2 minutes “ “ 

c II K « 


120 

60 

100 

120 


Raccmized Zein {Unpxmftcd) . 

Experiment 39 . — March 29, 1915. Dog, 11 kilos. 

Injected 5.5 gm. of crude raceraized zein (0.5 gm. per kilo). Animal re- 
mained quiet during and after injection. 

Normal clotting time of blood — 12 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 7 minutes 

C “ 14 

9 " 13 “ 

Blood pressure in mm. mercurJ^ 

Before injection 

1 minute after injection 

No further change in pressure. 

These experiments indicate that racemized easein and race- 
mized egg albumin are quite toxic. The action on the coagulation 
of the blood is more marked than on the arterial pressure. The 
racemized egg albumin had a more marked action than the race- 
mized casein. This latter substance failed to produce immunity 
to Witte’s “peptone.” 

The evidence of the pltysiological action of racemized zein is 
conflicting. Some of the experiments show that it has a slight 
poisonous action, while others indicate that it is without effect. 


140 

160 
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In anj* case the action is slight, perhaps depending on the sensi- 
tmty^of the animal used in the experiment. 

That proteins which are so little changed as racemized casein 
and egg albumin should have such a marked action, as shown by 
the preceding e.xperiments, suggests that their action may be 
caused by some adhering proteose which was carried down with 
the protein in the process of precipitation. Purification of these 
products was carried out by dissolving in sodium carbonate and 
then reprecipitating them by making the solution acid with acetic 
acid. The precipitate was filtered and the process of dissolving 
and reprecipitating repeated four times. 

That this process deprived the racemized proteins of their to.xic 
properties is shonm by the following e.xperiments. 


Racemized Casein (Purified)-. 

Experiment 14 . — October 24, 1914. Bitch, 16 kilos. 

Injected 8 gm. of purified racemized casein (0.5 gm. per kilo), 
remained quiet during and after injection. 

Normal clotting time of blood — 4 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes 9 minutes 

14 “ 12 “ 

20 “ 5 “ 

29 “ 7 •• 


Animal 


Blood pressure in mm. mercurj-. 


Before injection 102 

1 minute after injection 94 

5 minutes “ “ 124 


No change after 5 minutes. 


Racemized Egg Albumin (Purified). 

Experiment 45.— October 27, 1914. Dog, 12.5 kilos. 

Injected 6.25 gm. of purified racemized egg albumin (0.5 gm. per kilo). 
.Animal remained quiet during and after injection. 

Normal clotting time of blood — 4 minutes. 


Clotting time of blood 
Sample collected after 
2 minutes 
5 
10 

16 “ 

34 " 


after injection. 

Clotting time. 
12 minutes 
14 « 

10 “ 

10 “ 

8 “ 
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Blood pressure in mm. mercury. 


Before injection; 84 

1 minute after injection 36 

6 minutes “ 70 

9 “ “ “ 100 


Racemized Zein {Purified) . 


Experiment 11 . — October 9, 1914. Dog, 8 kilos. 

Injected 4 gm. purified racemized zein (0.5 gm. per kilo). Slight respira- 
tory disturbances during injection. 

Normal clotting time of blood — 7 minutes. 


Clotting time of blood after injection. 


Sample collected after 
2 minutes 
5 
11 
16 


Clotting time. 
17 minutes 
15 

15 “ 

10 “ 


Blood pressure in mm. mercury. 


Before injection 135 

1 minute after injection 56 

4 minutes “ “ 90 

6 “ “ “ 112 


The toxicity of racemized casein and racemized egg albumin was 
greatly reduced if not entirely removed by the purification. No 
experiments with the purified racemized zein gave any more than 
the slightest action, showing that whatever poisonous properties 
it had possessed in the crude state had been removed by washing. 
The loss of the toxic action may have been due, either to the re- 
moval of some poisonous impurity, or to a change in the racemized 
proteins brought about by the action of the alkali and acid which 
were used in dissolving and reprecipitating. 

In order to settle this point the filtrate from washing the race- 
mized egg albumin was investigated. To this solution just enough 
sulphuric acid was added to replace the acetic acid, the solution 
was heated for several hours at a constant volume, and finally 
evaporated to dryness. The residue was extracted with 95 per 
cent alcohol in order to dissolve any alcohol-soluble toxic body 
contained in the mixture. The alcoholic extract was small. 
About 1.5 grams were used in the following experiment. 
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Alcohol-Soluhle Washings from Racemized EggAlhxmin. 


Ex-perimenl 27 . — December 17, 1914. Bitch, 4.6 kilos. 

Injected approximately 1.5 gm. of alcohol-soluble washings from race- 
mized egg albumin (0.3 gm. per kilo). Animal remained quiet during and 
after injection. 

Normal clotting time of blood — 5 minutes. 


Clotting time of blood after injection. 


Sample collected after 
2 minutes 
5 

10 “ 

30 " 

1 hr. 

Ij brs. 

2 “ 


Clotting time. 

.7 hrs. 30 minutes 

* 

7 hrs. 30 minutes 
4 “ 

1 hr. 

40 minutes 
35 


Blood pressure in mm. mercury. 


Before injection 11*1 

1 minute after injection 9S 

2 minutes “ " 30 

9 “ “ " 35 

30 “ “ “ 62 

40 " “ “ 75 


*Found clotted 24 hrs. later. 


This experiment shows that the racemized protein loses its 
poisonous properties when washed, not because the nature of the 
racemized protein is changed during the process of purification, 
but because the toxic portion is removed. 

In order to get more evidence in this direction a portion of crude 
racemized casein was extracted with cold 95 per cent alcohol. 
This extract was evaporated to drjmess, dissolved in physiological 
salt solution, and injected. The extracted racemized casein was 
also tested in the usual way. 


Alcoholic Extract of Crude Racemized Casein. 

Experiment 86.— March 2, 1915. Dog, 1255 kilos. 

Injected 4 gm. of alcohol-soluble portion of crude racemized casein 
(0.3 gm. per kilo). Animal remained quiet during and after injection. 
Normal clotting time of blood— 9 minutes. 
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Clotting time of blood after injection. 
Sample collected after Clotting time. 

1 minute * 

5 minutes * 

15 “ * 

29 “ * 

50 “ * 

1 hr. 20 minutes. * 

3 hrs. * 

Blood pressure in mm. mercury. 


Beforeinjection : 150 

1 minute after injection 70 

3 minutes “ “ 50 

3 hrs. “ “ 54 


* Not clotted 24 hrs. later. 


Crude Racemized Casein JVashed with Alcohol. 


Experiment S7 . — ^hlarch 5, 1915. Bitch, 13.5 kilos. 

Injected 6.75 gm. alcohol-washed crude racemized casein (0.5 per kilo). 
Animal remained quiet during and after injection. 

Normal clotting time of blood — 12 minutes. 


Clotting time of blood after injection. 
Sample collected after 
2 minutes 
5 “ 


15 “ 

30 

1 hr. 25 minutes 
1 “ 50 “ 


Clotting time. 

1 hr. 8 minutes 

2 hrs. 20 “ 

2 “ 5 “ 

1 hr. 15 “ 

30 minutes 
15 " 


Blood pressure in mm. mercury. 


Beforeinjection 100 

J minute after injection 34 

2 minutes “ “ 24 

10 " “ “ 34 

1 hr. 10 minutes after injection 40* 

2 hrs. 10 “ “ « 90 


* The blood clotted in the cannula about an hour after the injection. 
Subsequent records of pressure are inaccurate. 


While complete separation of the toxic substance was not accom- 
plished by this washing, the portion soluble in alcohol has a much 
more marked physiological action than either the crude racemized 
casein (see Experiment 7), or the racemized casein which had been 
extracted with alcohol (see Experiment 37). 
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Since racemized proteins are not available for nutrition and do 
not give the anaphjdactic reaction, it might be supposed that the 
proteoses formed by their digestion with acid vrould have a physi- 
ological action different from that of other proteoses. The fol- 
lowing experiment demonstrates that caseoses prepared bj acid 
digestion of racemized casein have the usual physiological action. 

Caseoses Prepared by the Add Digestion of Racemized Casein. 

Experiment 2. — April 22, 1914. Dog, 12 kilos. 

Injected 6 gm. of caseoses prepared by acid digestion of racemized 
casein(0.5 gm. per kilo). Animal gave a few cries after injection. 

Normal clotting time of blood — 1 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

3 minutes * 

8 '■ * . 

IS 

38 

1 hr. 8 minutes * 

1 “ 54 “ 

3 hrs. 33 “ 

Blood pressure in mm. mercury. 


Before injection ... 122 

1 minute after injection .... 38 

31 minutes “ “ 46 

SO “ “ « 52 

3 hrs. 30 minutes after injection 36 

* Not clotted 24 hrs. later. 


The preceding experinrent shows clearly that proteoses pre- 
pared by acid hydrolysis of racemized proteins are just as toxic as 
those prepared from native proteins. Although the caseoses used 
in this e.xperiment were obtained from impurified racemized casein, 
their marked poisonous properties can hardly be ascribed to the 
impurities of the racemized casein. 

The-only physiological study of the properties of the proteoses 
formed during the racemization of protein is that of Dakin and 
Dudlej', in which it was observed that these substances are re- 
sistant to the action of proteoljdic enzjTnes. The following e.x- 
periments were performed to determine whether such proteoses 
differ in toxic properties from the usual tr*pe. 
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Racejnized Caseoses. 


Experiment SS. — Februarj' 12, 1915. Dog, 13 kilos. 

Injected 5 gm. racemized caseoses (0.4 gm. per kilo). Animal re- 
mained quiet during and after injection. 

Normal clotting time of blood — 6 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 


5 “ 

47 “ 

1 hr, 30 minutes 

1 " 40 “ 

2 hrs. 39 “ 


♦ 

* 


20 minutes 
12 " 


Blood pressure in mm. mercury. 


Before injection 96 

1 minute after injection 26 

3 minutes “ “ 12 

14 « « “ 32 

21 “ “ “ 44 

31 “ “ “ 56 

56 “ " “ 80 


* Not clotted 24 hrs. later. 

** Found clotted 24 hrs. later. Immunity to a subsequent injection of 
Witte’s peptone was produced. 


Racemized Egg.Albianoscs. 

Experiment S2. — Februarj' 9, 1914. Bitch, 18.75 kilos. 

Injected 9.37 gm. racemized albumoscs (0.5 gm. per kilo). Animal re- 
mained quiet during and after injection. 

Normal clotting time of blood — ^8 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 

5 “ * 

11 “ * 

48 “ * 

1 hr. 16 minutes * 

2 hrs. 16 “ * 

Blood pressure in mm. mercury. 


Before injection 140 

1 minute after injection 30 

4 minutes “ “ 25 

33 “ “ “ 30 

43 " “ “ 50 

1 hr. 10 minutes f 90 

2 hrs. 16 “ 110 


* Not clotted 24 hrs. later. 
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Racemized Zeoses. 

SipcnnicntSS ~Xovember22, 1914 Dog,3 5kilos. 

Injected 1 45 gm. racemized zeoses(0 5 gm. per kilo). Animal remained 
quiet during and after injection. 

Xormal clotting time of blood— 10 minutes. 


Clotting time of blood after injection. 


Sample collected after 

Clotting time. 

2 minutes 

IS minutes 

'o " 

15 “ 

11 “ 

10 “ 

16 " 

11 “ 

21 “ 

10 “ 

Blood pressure in mm. 
Before injection 

mercury. 

15 seconds after injection 

30 " " 

1 minute “ “ 



These observations demonstrate that racemized caseoses and 
laceinized albumoses in equivalent doses are nearly if not quite as 
toxic as other proteoses. With racemized zeoses the case is quite 
different, for out of several experiments performed not one showed 
any evidence of physiological action. 


CONCLUSIONS. 

1. Crude racemized proteins produce toxic sjTnptoms when in- 
troduced into the circulation. The evidence in case of racemized 
zein IS not decisive, inasmuch as some preparations exhibit tj^pical 
effects, whereas with others no influence can be demonstrated. 

2 Purified racemized proteins show no poisonous action. 

3. The washings from crude racemized proteins contain a toxic 
substance. 

4. A portion of the active substance can be removed from race- 
mized proteins by extraction with alcohol. Efforts to remove the 
poisonous material completely by this means were imsuccessful. 

0 . Proteoses prepared by acid digestion of racemized proteins 
are probably as toxic as those prepared from the native proteins. 

6. Of the racemized proteoses the caseoses and albumoses are 
quite toxic but the zeoses seem to be inert. 
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STUDIES ON THE PHYSIOLOGICAL ACTION OF SOME 
PROTEIN DERIVATIVES. 

ni. THE PHYSIOLOGICAL ACTION OF VAUGHAN’S “CRUDE 
SOLUBLE POISON.’’^ 

Bt frank P. UNDERHILL antd BYRON M. HENDRIX. 

{From the Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

Vaughan (’13) and his coworkers have shown that a very toxic 
body can be prepared bj’- digesting any true protein with an al- 
coholic solution of sodium hydroxide. E%ddences of to.xicitj'' of 
this substance of Vaughan’s were yielded by subcutaneous injec- 
tions into guinea pigs. The sjnnptoms observed under these cir- 
cumstances consist of very marked respiratorj’- disturbances, 
struggles, followed by coma, and finally death. The picture is 
one of asphjodation. The reaction is apparently identical with 
anaphylactic shock and proteose into.xication in these animals. 

As far as we are aware the only experiments designed to deter- 
mine the physiological action of Vaughan’s “crude soluble poison” 
after injection into the blood of the dog were those of Edmunds 
(’13) who failed to notice any influence on the coagulation of the 
blood. These results are so different from those obtained in ana- 
phylactic shock and proteose intoxication m this animal that a 
repetition of his experiments was thought to be imperative. 

Preparation, 

60 grams of Hammarsten’s casein were boiled on a water 
bath with a liter of absolute alcohol in which 20 grams of dry 
sodium hydroxide had been dissolved, a reflux condenser being 
used to prevent evaporation. The digestion was continued for 

‘ The data in this paper are taken from the dissertation presented by 
Byron M. Hendrix for the degree of Doctor of Philosophy, Yale Univer- 
sity, 1915. 
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two hours, and then the undissolved portion was subjected to a 
second digestion in the same manner. The united filtrates were 
neutralized with concentrated hydrochloric acid, care being taken 
to avoid an excess of the acid. The sodium chloride resulting 
was removed by filtration and the alcoholic solution evaporated 
to dryness over an incandescent electric light bulb. The brown 
residue was dissolved in a small amount of absolute alcohol, fil- 
tered, and again evaporated to dryness. A similar preparation 
was made from zein also. 


Vaughan’s “Crude Soluble Poison” {from Casern.) 
Experiment 24 . — Dec. 3, 1914. Bitch, 7 kilos. 

Injected 3.5 gm. Vaughan’s “crude soluble poison” (0.5 gm. per kilo). 
.‘Animal remained quiet during and after injection. 

Normal clotting time of blood — 9 minutes. 

Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 

J « * 

Blood pressure in mm. mercury. 

Before injection 

1 minute after injection 

2 minutes “ “ 

3 

*Not clotted 24 hrs. later. Animal died in less than 4 minutes after 
injection. 


S2 

14 

2 

0 


Vaughan’s “Crude Soluble Poison” {from Casein). 


Experiment 25. — Dec. 5, 1914. Bitch, 15 kilos. 

Injected 4.5 gm. Vaughan’s “crude soluble poison” (0.3 gm. per kilo). 
Animal remained quiet during and after injection. 

Normal clotting time of blood — 7 minutes. 


Clotting time of blood after injection. 

Sample collected after Clotting time. 

2 minutes * 

5 " * 


Blood pre.ssure in mm. mercur}’. 


Before injection 100 

1 minute after injection 2S 

3 minutes “ “ 16 

y <f <1 ^ 


*Not clotted 24 hrs. later. Animal died within 8 minutes after 
injection. 
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It is distinctly shown by Experiments 24 and 25 that Vaughan's 
“crude soluble poison” from casein has a more marked physio- 
logical action than any proteose employed in our experience. 
Death rapidly followed the injection, but it was possible to collect 
samples of blood which remained liquid for more than twenty- 

four hours. . 

With the product prepared from zein the effects while still com- 
parable with those jdelded by tj^pical proteoses are not so pro- 
nounced as the reactions induced by the substance formed from 
casein (See Experiment 44). 

Vaughan's “Crude Soluble Poison” {from Zein). 

Experiment 44 — Dog. 14 0 kilos 

Injected 7 gm. (OS gm. per kilo) Vaughan’s “crude soluble poison." 
Animal remained quiet during and after injection. 

Normal clotting time of blood — 7 minutes. 


Clotting tune of blood after injection 


Sample collected after 

Clotting time. 

2 minutes 

« 

5 

tt 


12 

<( 

* 

21 

it 

* 

40 

il 


55 

<t 

* 

1 hr. 30 mm. 

♦ 


Blood pressure in inm mci cury 

Before injection 
1 minute before injection 

10 minutes “ “ 

ft it <( 

25 

* Not clotted 24 hrs later. 

These observations differ from the findings of Edmunds who 
failed to observe any effect upon the clotting of the blood. The 
fact that our doses were somewhat larger than those of Edmunds 
may account for the difference in results. 

It is well established that the intravenous injection of proteoses 
into rabbits fails to call forth the sjmaptoms induced in the dog 
and cat except when verj- large doses are employed. We have 
taken advantage of this fact in older to determiW whether the 


140 

60 

120 

130 

140 
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toxicity of Vaughan’s “crude soluble poison” can be entirely ac- 
counted for by its proteose content or whether the poisonous 
properties must be assigned to some additional factor. 

Experiment 45. — A rabbit was given through the marginal ear vein in 
about 2 minutes an injection of 0.6 gm. (0.2 gm. per kilo) of Vaughan’s 
“crude soluble poison” prepared from casein. The animal struggled 
greatly and expired in less than 2 minutes after the completion of the 
injection. 

Experiment 46 . — To a pregnant rabbit was administered intravenously 
as above 0.075 gm. per kilo of the same product as that in Experiment 
45. During and for some minutes after injection the animal cried and 
struggled but survived. The ear into which the injection was made became 
black and necrotic. 

These experiments show conclusively that the effects brought 
about by Vaughan’s product must be ascribed to some substance 
or substances other than the proteoses contained therein since 
the dosage employed here is far too small to produce any symp- 
toms in the rabbit even though the entire amount of material 
injected consisted solely of proteoses. 

We have attempted to differentiate the proteoses from the 
other toxic substances present in Vaughan’s product by the de- 
struction of the former, that is, by hydrolysis with acid beyond 
the biuret stage. Vaughan’s product was boiled under a reflux 
condenser with a 3 per cent solution of hj’-drochloric acid until 
biuret-free. The acid solution was neutralized with sodium car- 
bonate and injected into the circulation of the dog. As may be 
seen from the protocol of Experiment 47 no influence upon blood 
coagulation was noted. A distinct but transitory'^ fall of pressure 
resulted which was also given by a second injection. This fall 
of pi’essure may be ascribed to the high sodium chloride content 
since the same strength of sodium chloride solution will bring 
about an entirely comparable fall in pressure. It is therefore ob- 
vious that the prolonged boiling of Vaughan’s “crude soluble 
poison” destroys not only the proteoses but also the other un- 
kno\vn toxic principles. 
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Vaughan’s “Crude Soluble Poison,” Hydrolyzed with Acid to theAbiuret 

Stage. 

Experiment 47. — June 14, 1915. Bitch, 5.5 kilos. 

Injected 2.75 gm. (0.5 gm. per kilo) of Vaughan’s product after diges- 
tion. Animal remained quiet during and after injection. 

Normal clotting time of blood— -7 minutes. 


Clotting time of blood after injection. 
Sample collected after Clotting time. 


2 minutes 
5 “ 


2 minutes 
2 


8 “ 2 “ 

(25 minutes after the first injection a second similar dose was given.) 

2 minutes 2 minutes 

3 “ 2 “ 

(3 minutes after the second injection 2 gm. of sodium chloride dissolved 
in 50 cc. of water were injected intravenously.) 

1 minute 2 minutes 

3 minutes 2 “ 


Blood pressure in mm. mercury. 


Before injection 160 

4 minute after first injection 90 

1 “ “ “ « 80 

2 minutes “ “ “ 140 

3 “ “ “ “ 165 

Before second injection 140 

i minute after second injection 110 

1 “ ■ “ “ “ 90 

2 minutes “ “ “ 170 

Before third injection (NaCl) ISO 

1 minute after third injection 120 

2 minutes “ " “ 90 


CONCLTJSIOXS. 

1. '\’'aughan’s preparation is much more to.vic than Witte’s 
“peptone.” 

2. The statement of Edmunds that Yaughan’s “crude soluble 
poison” has no action on the coagulation of the blood is not con- 
firmed. On the contrarj', a very marked effect was noted. 

3. In its action on blood pressure and on blood clotting, Vaugh- 
an's “crude soluble poison” strongly resembles the proteoses. 
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4. Vaughan’s preparation differs from the proteoses in that it 
produces marked symptoms or even death in the rabbit in rela- 
tively small doses. 

5 . Boiling with dilute hydrochloric acid to the abiuret stage 
destroys the toxicity of Vaughan’s product. 
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DOES FAT FORMATION OCCUR IN THE PERFUSED 
EIDNEY? 


By FRAXK P- UNDERHILL ant> BYRON M. HENDRIX. 

(From the Shejjidd Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, July 27, 1915.) 

The recent communications of Gross and ^'orpahl* have opened 
for renewed discussion the long debated question of the formation 
of fat from protein, a controversj’' around which an enormous 
literature- has grown up without furnishing a decisive answer. 
In particular there has been involved the subject of fatty de- 
generation, in Virchow’s sense, versus fatty infiltration. At the 
present moment it would seem that the consensus of opinion 
tends to discredit the probability of a direct fonnation of fat from 
protein, and the assertions of Gross and Vorpahl are therefore of 
particular interest. These investigators claim that during a 
long continued perfusion nith Ringer’s solution an increase of fat 
takes place in the cortex of the kidney as indicated both by 
microscopical and chemical methods. In these e.xperiments 
only the cortex of the kidney was analyzed for fat. The fat 
content of this portion of the perfused kidney is not only relatively 
but may be absolutely greater than in the normal or unperfused 
organ, and the authors call attention to the fact that mere wash- 
ing out of soluble substances by perfusion will not account for 
the augmented fat content. They conclude that the kidney 
cells are able to form fat from fatty acids derived from the pro- 
tein of the kidney. 

In view of the theoretical as well as the practical -importance 
of the subject it seemed desirable that the e.xperiments of Gross 

‘ Gross, 0., and Vorpahl, F., Arch.f. exper. Path. v. Pharmahol., 1914 
tavi, 336; 1914, Ix-wii, 317. 

' For a discussion of the literature upon the subject see Wells, H. G 
Chemical Pathologj-, Chicago, 1914. ' 
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and Vorpahl should be repeated. This has been done, the 
technique and methods emploj^ed being those advocated by the 
above mentioned investigators. The perfusion was carried 
on for a period of twenty-four hours, fat being estimated by the 
procedure of Kumagawa and Suto.® In our investigation the 
fat content was determined in the cortex alone and also was 
extended to a consideration of that contained in the entire kidney. 
The results obtained are detailed in Tables I and II. 

It may be seen from the data that the results of Gross and 
Vorpahl are corroborated in almost every instance whether 
the fat is determined in the cortex only or in the whole organ. 
On the other hand if it is assumed that the two kidneys of a 
rabbit weigh equal amounts, an assumption which is approxi- 
mately correct, the reference of the fat content of the perfused 
kidne}’’ to the dry weight of the unperfused organ would be of 
interest. With the figures obtained from the cortex of the 
kidney only, this procedure is open to criticism and much weight 
can not be placed upon the data. Applied to the entire kidney, 
however, a greater degree of accuracy may be expected. Under 
these circumstances it may be seen that both relatively and 
absolutely four experiments of the nine fail to corroborate the 
findings of Gross and Vorpahl, in other words the perceyitile in- 
crease is an apparent rather than a real augmentation. Even when 
the results are positive the figures obtained by this method of 
calculation show only small differences whether judged from the 
viewpoint of relative or absolute values. 

Although our figures apparently support the views of Gross 
and Vorpahl one can see the possibility that an entirely different 
interpretation may be read into them — ^involving the question 
of difficult}'’ of technique which applies especially to fat determi- 
nations in the cortex. After alddney has been perfusedfor twenty- 
four hours it is edematous and very soft and the separation of 
the cortex from the medulla is accomplished with very great 
difficulty. The pelvis always contains appreciable amounts of 
fat, small quantities of which undoubtedly act as a source of 
contamination for the portion selected for analysis. Onlysmall 
quantities of material are available in the rabbit’s Iddney; hence 

‘Kumagawa, M., and Suto, K., Biochem. Ztschr., 190S, viii, 212. 
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TABtE I. 


Fat Content of the Cortices of Kidneys Perfused wth Ringer's Solution 
Compared vith That of the Normal Organ. 



Normal kidney. 

Perfused kidney. 

iU 

Expcrw 

meut. 

Weight. 


Fat. 

Weight. 


Fat 

o - 

^ > 5 — 

•j: c. e 


.S 

o 

tes. 

D 

SoUds. 

1 

e 

§1 

i 

*o 

a 

Solids 

[S 

o 

c 

O G 
CU 

... 

c 

V ® n 

c- 


fftn 

flm 

pCT 

cent 

Cm 


cm. 

gm. 

per 

cent 

cm. 




3 5t9 

0 E20 

23 12 

ttBTol 

12 23 

4 407 

0 510 

11.59 


IS 92 

11 78 


3 886 

0 505 


0 117 

14 55 

3 826 

0.431 

32 66 

0.115 

23 99 



EMUf 

0 9S3 

23 89 

0,103 

10.66 

5.052 

0.640 

12.65 

0 145 

22 67 

ItinJ 


4 327 

1 065 

21 63 

0 127 

11.93 

4 437 

0.631 

14.22 

0 168 

26 76 

15 85 


4 117 

0 879 

21.38 

0.103 

12 34 

4.631 

0 6S6 

14 65 


19 06 

13. 13 


* 15 A Tras not perfxiacd but was merely suspended m BingeT’a solution for 24 hrs 


TABLE 11. 


Fat Content of the Entire Kidney Perfused mth Ringer's Solution Compared 
with That of the Normal Organ. 



Normal kidney. 

Perfused kidney. 

. 

c rn 






1 





■ 


Experi- 

ment. 

Weight 


Fat. 

Weight. 


Fat. 

-. >i*r 

S.li 


.2 

*5 

Dry. 

SoUds 

tt 

o 

h 

o c 

■»» 

<a 

6 

22 

Dry. 

Solids 

3 

& 

5: 

li 

£ 

12 1 
c-S - 
o £ — 

O.S ? 
ft. 


Sm 

pm. 
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cm 

cm 

pfj 

cent 

cm 


M 

1 


1 528 

20 95 


10 72 

7 410 

0 725 

9 78 

0 156 

21 57 


2 

6 126 

I 251 

20 43 

0 144 

11 55 

6 995 

1 182 

16 £9 

0 217 

18 42 

1^9 

3 

5 494 

1 157 

21 06 

0 181 

15 » 

6 319 

MeWl 

14 65 

0 189 

20 41 

16 34 

4 


1 302 

21 68 

0 194 

14 95 

IQ 767 

1 150 


0 15Q 

12 96 

11 53 

6 

! 6 765 

1 495 

22 11 

0 137 

9 IS 

9 974 



0.174 

14 50 

11 60 

7 

IWiHl 

1.369 

19 34 

0 157 

11 53 

8 382 

0 982 

II 74 

0 151 

15 40 

n 05 

8 

3 819 

0 984 

25 24 

0 120 

12 52 

S 198 

0 6S9 

13 26 

0 101 

14 72 

10.52 

9 

6 576 

1 374 


0 I7I 

12 45 

8 894 

1 120 

12 59 

0 177 

15 82 

12.91 

10 

5 730 

1 162 

20 M 

0 148 

12 54 

5 069 

0 649 

12 79 

0 155 

23 S6 

13 18 


even traces of fat adherence would be of significance. The 
determination of the fat content in the cortices of several kidneys 
as was done by Gross and Vorpahl in some of their experiments 
does not militate against our contention; for the same source cf 
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error is possible since each cortex must be separately isolated. 
A similar source of error involving the fat of the pelvis is also 
possible Avhen the entire kidney is considered. We believe then 
that the possibility of the unavoidable inclusion of small quanti- 
ties of kidney fat affords a reasonable explanation for the data 
obtained by Gross and Vorpahl and ourselves. It must also be 
admitted that a part of the apparent increase in fat content is 
caused by the washing out of substances from the kidney as may 
be seen in certain instances, especially with the entire kidney. 
This may be seen from an inspection of the solids present after 
perfusion. 

Gross and Vorpahl ascribe to the kidney cells the capacity to 
form fat from fatty acids derived from protein, and the inference 
one gains from their papers is that the kidney cells under the 
nutritive influence of warm Ringer’s solution remain alive and 
active for many hours, since their experiments were carried over 
periods of from twenty-four to forty-eight hours. From un- 
published work upon kidney perfusion with Ringer’s solution, 
even in the presence of oxygen, we are convinced that the renal 
cells lose all activity within a period of two to three hours. In 
our own investigation, although all possible precautions were 
taken, the kidney at the completion of a day’s perfusion invari- 
ably was possessed of a more or less putrescent odor. We are 
also skeptical as to whether 'perfusion with Ringer’s solution 
plays any role in the establishment of data like those obtained by 
Gross ‘and Vorpahl and by ourselves, for the results in Table I, 
Experiment 15 A, were obtained from a kidney which was simply 
suspended in warm Ringer’s solution for twenty-four hours. 
Under these conditions cellular activity must have ceased very 
rapidl 3 ^ The figures show an apparent gain in fat content which 
we believe may readily be accounted for by the hj'^pothesis 
advanced above. 


SUMMARY. 

If warrti Ringer’s solution is perfused through the kidney of 
the rabbit for a period of twenty-four hours there maj’’ be a 
percentile or an absolute increase in the amount of fat contained 
in the corte.x of the kidney or of the entire organ. These results 
confirm those of Gross and Vorpahl. 
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Unlike Gross and Vorpahl, who cite these findings as e^^dencc 
for the formation of fat from protein, we believe that the data 
may be interpreted merely as an expression of the mechanical 
difficulty of preventing contamination with fat of that portion 
of material to be analyzed. 

Doubt is also expressed concerning the influence of the perfu- 
sion with Ringer’s solution, for a kidney simply suspended in this 
medium may yield results entirely comparable with those 
obtained after perfusion. 




THE CHARACTER OF THE WATER-SOLUBLE NITROGEN 
OF SOME COMMON FEEDINGSTUFFS.^ 

Bt E. B. HART AND W. H. BENTLEY. 

(From the Laioralory o} AgricvUural Chemistry of the University of 
Wisconsin, Madison.) 

(Received for publication, July 26, 1915.) 

Since Stutzer® in 1880 proposed his copper hydroxide method 
for the estimation of the “amide” nitrogen in feeding materials 
there has been so much progress in protein chemistry that one 
is surprised to find that more modem methods have not been 
applied to our common feedingstuffs for the estimation of free 
acid-amide, amino-acid, and ammonia nitrogen, thereby giving 
us a -more perfect picture of the nitrogen distribution in such 
materials. 

It is certain from experimental evidence to be presented later 
that copper hydroxide does not make a complete precipitation 
of all protein and polypeptide structures and thereby give a 
clean quantitative separation of “amide” nitrogen from protein 
nitrogen. It is also evident that the so called “amide” nitrogen, 
or what is not precipitated by the copper hydrate, is a mix- 
ture of acid-amide nitrogen, amino-acid nitrogen, and ammonia 
nitrogen. There may still be other forms of nitrogen present 
in this filtrate, but since clean cut methods are now available 
for direct measurement in the feedingstuff of the forms of nitro- 
gen mentioned, it is evident that data should be acciunulated with 
these newer and more precise methods. We are certain that 
amino-acid nitrogen has direct nutritive value, while we are not 
so certain that ammonia nitrogen or acid-amide nitrogen have 
any value in normal protein storage. As fast as accurate methods 
become available we should discontinue the differentiation of 

' Published with the permission of the Director of the Agricultural 
Experiment Station. 

’ Stutrer, N., Jour. Landw., 1880, xxviii, 103. 
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forms of nitrogen in our feeding materials by a method which 
makes no attempt at differentiation on the basis of nutritive value. 
Grindley and associates^ have recentty published preliminarj'- data 
on the estimation of lysine, arginine, histidine, and cystine by 
"V^an Slyke’s method, involving the crude feeding material in direct 
acid hj’-drolj’^sis. Whether accurate determinations of any or all 
amino-acids can be secured when the hydrolyzing proteins are in 
contact with hydrolyzing carbohj’-drates, etc., must first be deter- 
mined before these data can be accepted as final. The very fact 
that there is no approximate agreement between the results se- 
cured by Grindley on cottonseed meal and those of Nollau'* on 
the same material indicates inherent difficulties in the quantitative 
estimation of amino-acids by direct hydrolysis of the feeding- 
stuff. For e.xample, Grindley reports 19.5 per cent of the total 
nitrogen in cottonseed meal as arginine nitrogen and 4.7 per cent 
as lysine nitrogen, while Nollau reports 12.7 per cent arginine 
nitrogen and 1.9 per cent lysine nitrogen. Is it possible that 
different samples of the same feed will vary so widely in their 
protein make-up? It appears more than probable that conden- 
sation of nitrogenous complexes with derivatives of hydrolyzing 
carbohydrates ma}' arise, leading to complete failure in separating 
and detecting certain amino-acids or at least grossly vitiating their 
quantitative determination. For example, Nollau reports the 
complete absence of histidine in the cow-pea while as a matter 
of fact Osborne^ isolated 3.08 per cent of histidine from vignin, 
the globulin of that seed. 

Nollau further reports no proline, oxyproline, and tryptophane 
in corn meal. This again indicates gross inaccuracies in the 
method of analysis, because if corn meal contains no trj'^ptophane 
animals confine'd to it ag the sole source of the nutrients probablj’’ 
could not grow. The necessity of tryptophane in the diet for 
maintenance and growth has been emphasized b}’’ the work of 
Osborne and Mendel,® and Hart and McCollum^ have shown that 

^ Grindlo}-, H. S., Joseph, TV. E., and Slater, M. E., Jour. Am. Chcm. 
Soc., 1915, xx.wii, 177S. 

^ Nollau, E. H., Jour. Biol. Chcvi., 1915, xxi, 611. 

Osborne, T. B., and He 3 d, F. TV., Avi. Jour. Physiol., 190S, .xxii, 3G2. 

' Osborne, T. B., and Mendel, L. B., Jour. Biol. Chcm., 1914, xvii, 325. 

■ Hart, E. B.. and McCollum, E. V., ibid., 1914, xix, 373. 
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the growth of swiiie can take place on a corn meal, gluten feed, and 
salt-mixture diet. It is needless to say that the hopes expressed 
in certain quarters of formulating rations on their amino-acid 
content, secured by direct hydrolysis, will not even begin realiza- 
tion until at least safer methods for the quantitative estimation 
of these substances are available. 

In our own work we have attempted nothing more than a dis- 
section of the water-soluble nitrogen of some feeding materials 
for the piupose of securing a clearer picture of the composition of 
the so called “amide” nitrogen. 


EXPERIMENTAL.® 

Inaccuracy of Slutzer's Separation , — 5 gm. of Witte’s peptone were dis- 
solved in water and treated with an excess of Stutzer’s reagent; the pre- 
cipitated material was filtered off, the excess of copper hydrate removed 
with hydrogen sulphide, and after expelling the hydrogen sulphide by 
boiling, the filtrate was diluted to 200 cc. The amino-acid nitrogen of the 
solution was determined directly by Van Slyke’s nitrhus acid method. A 
second portion of the filtrate from Stutzer’s reagent was treated with sul- 
phuric acid to 30 per cent concentration and hydrolyzed by boiling for five 
hours under a reflux condenser. The sulphuric acid was removed with 
barium hydrate, the excess of barium removed with carbon dioxide, and 
the amino-acids were determined as before. A third portion of the filtrate 
from Stutzer’s reagent was hydrolyzed with sulphuric acid as above, but 
the sulphuric acid was neutralized with strong alkali and the amino-acids 
were directly determined. The results secured were as follows: 

Amino-acid nitrogen from 0.1 gm. of Witte’s peptone after treating with 
Stutzer's reagent, 2.01 mg. hf. 

Same as above after hydrolysis with sulphuric acid and the removal of 
the acid, 9.20 mg. JC. 

Same as above except that the sulphuric acid was neutralized instead 
of removed, 9.25 mg. Jf. 

The data show a large increase in amino-acid nitrogen upon 
hydrolysis of the filtrate after treating with Stutzer’s reagent, and 
indicate that complexes of the nature of peptide linkings were 
still present in the solution. This makes it clear that there is 

* -After our work was completed and in manuscript an abstract appeared 
of similar work carried on by H. S. Grindley and E. C. Eckstein {Science, 
1915, xlii, ^0). We have not had the opportunity of knowing the details 
of the methods used and consequently can make no comparison of the 
results. 
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no distinct separation by Stutzer’s reagent of free amino-acids 
from the more complex polypeptides. 

Preparation of Samples . — ^In all cases the plant materials, when 
harvested green were dried at 37-40°C. and then allowed to stand 
a number of days to become air dried. The preparation of the 
water extract was made as follows: 25 grams of the air dried 
material were e.xtracted with small portions of hot water until 
nearly 500 cc. of filtrate were obtained. The filtrations were 
made through linen cloth, which hastened the process, and 
from which the filtrate could be squeezed out quite completely. 
The filtrate was then acidified with acetic acid and boiled for a 
few minutes to precipitate the soluble proteins; the solution was 
cooled, diluted to 500 cc., and then filtered through paper. This 
gave a clear solution for further analysis. 

Estimation of Ammonia Nitrogen . — Direct distillation with a 
weak alkali, such as magnesium oxide, has been recommended by 
a number of investigators, but Denis® confirmed the observation 
of Embden that magnesium oxide distillation at 100°C. liberates 
nitrogen in the form of ammonia from cystine. 

We have made the further observation that practically a quan- 
titative yield of the acid-amide nitrogen of asparagine can be ob- 
tained by magnesium oxide distillation at 100°C., while the work 
of Van Slyke and Hart^“ showed that none of the nitrogen from 
acetamide could be obtained by magnesium oxide distillation. 
This distinction in the behavior of the two acid-amides, and the 
probable presence of asparagine in plant tissues made it necessary 
to abandon the magnesium oxide method as an accurate procedure 
for the direct estimation of ammonia nitrogen. The results by 
direct distillation of asparagine and acetamide with magnesium 
oxide follow; 


Asparagine 

Acetamide. 


Acid-amide N. 
mg» 


10.0 

70.0 


N obtained. 
mg. 

9.7 

0.0 


** Denis, W,, Jour. Biol. Chcm., 1910-11, viii, 429. 

Van Slyke, L. L., and Hart, E. B., New York Agricultural Experiment 
Station Technical Bulletins, No. 215, 1902. 
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We consequently adopted the Folin aeration method for deter- 
mination of the ammonia nitrogen. This method gives none of 
the acid-amide nitrogen of asparagine or acetamide and Denis’* 
has shown that cystine is stable under the conditions of this 
method. 25 cc, were used in the estimation. 

Estimation of Acid-Amide Nitrogen . — Since magnesium oxide 
distillation at 100°C. may disturb cystine, and does not give the 
acid-amide nitrogen of all acid-amides, its use for direct estima- 
tion for this kind of nitrogen could not be made. We therefore 
adopted the method of acid hydrolysis and aeration. To 25 cc. 
of the solution hydrochloric acid was added to a concentration 
of 20 per cent and boiled under a reflux condenser for thirty 
minutes; the solution was cooled and maintained cool while being 
exactly neutralized with strong alkali; it was then made to 100 cc. 
The total ammonia nitrogen was then determined by the Folin 
method. The ammonia nitrogen pre\dously determined by direct 
aeration was subtracted from this result, giving the acid-amide 
nitrogen. 

Estimation of Amino-Acid Nitrogen . — The amino-acid nitrogen 
was determined directly upon the solution by Van Slyke’s nitrous 
acid method. 

It appeared possible that peptides might still be present in the water 
solution of the feed even after boiling with acetic acid and their exposed 
amino groups react with nitrous acid, thereby giving too high results for 
amino-acid nitrogen. This might also introduce an error into the acid- 
amide nitrogen determination. To determine the extent of this error a 
portion of the acidulated water extract was treated with tannic acid, 
filtered, and the amino-acid and acid-amide nitrogen were determined 
without the removal of tannic acid. In another portion the tannic acid 
was removed with barium hydrate and the excess of bariiun with carbon 
dioxide, after which the determination of the amino-acid and acid-amide 
nitrogen was repeated. 

On the addition of the tannic acid there was found to be in each case 
but very slight precipitation, the largest occurring from the solution of 
the rape leaf, the data of which are given below. 

Water extract boiled with acetic acid and filtered. 


Denis, loc. cil. 
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Rape Total N. Amino-acid N. • Acid-amide N. 

per cent In per cent of total N. 

(Air dried) 4.45 

4.57 14.7 4.52 

Extract treated with tannic 

acid and filtered 15.1 4.74 

After the removal of the tannic 

acid 14.5 4.46 


TABLE I. 

Dislribiition of the W ater-Soluhle Nitrogen in Some Common Plant 

Materials. 
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In per cent of total nitrogen. 

Feed. 

(Air dried.) 

Stage of growth. 

Total 

N. 

Water-sol- 
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Acid- 
amide N. 

Amino- 
acid N. 
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05 
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1 

1 

per 









cent 1 







Alfalfa 

In blossom 

3 67 

27.0 

0.87 

1.74 

17.7 

7.6 



! ! 

3.71 







Red clover 

In blossom 

4 48 

18 2 

0.35 

0 35 

9.9 

7.6 




4 £8 

1 






Sweet clover 

Before flowering 

4.15 








1 

4 07 

33 3 

1.09 

6.81 

16.0 

9.4 


Rape*. . . . 

1 ft. high, young 

4.45 









4 57 

36 0 

2.30 

4 52 

14.7 

14.5 


Rape ... . 

6 in. high, young 

5.26 









5 30 

42 1 

4.88 

1 92 

25 9 

9.4 

2 6 

Corn 

1 ft. high, j'oung (green) 

3 70 



1 






3.76 

34 0 

0 52 

2 64, 

17.9 

13.6 


Peas . . 

In flower 

3.26 









3 26 

36 0 

0 48 

2 12 

23 4 

10 0 


Oats (a) 

Not flowered 

2 00 









2 72 

36 8 

0 54 

2.26 

20.7 

13.3 

5.5 

Oats (b) 

Snik stago 

1.26 









1 30 

45 3 

0 78 

1 72 

25.2 

17.6 


Barley. 

Milk stago 

1 36 









1 33 

24 4 

0 58 

1 80 

16 5 

5 5 


Juno eras.s . 

In flo\>er 

1 00 







1 


1 76 

16 3 

I 50 

1.28 

11 4 

2.1 


Timothy 

Headed green . 

1.48 





1 




1 48 

25 9 

0 26 

1.34 

17.1 

7.2 


Sugar beet j 

Tuber only 

0 87 

40.5 

Trace 

None 

18 3 

31 2 


Rape 

Fall growth 

4 44 

20 2 

1.47 

4 22 

10.3 

13.2 


Cabbage 

Small head 

3 28 

34 3 

1 72 

8 3 

13.0 

11.3 


Corn stover 

Jlaturo 

0 86 

65.5 

3 05 

25.6 

25.7 

11.2 


Clover Imy . 

Mature 

2 '53 

9.3 

None 

None 

4.2 

5 1 


-tlfalfa hay 

Alaturo 

2 28 

1 

23 5 

None 

7.3 

10.0 

6.2 



Rape dried at OO'C. 



- E. B. Hart and W. H. Bentley 483 

The very small differences recorded above indicate that little 
if any complex protein material existed in the water solution after 
boiling with acetic acid. The fact, however, that not all of the 
nitrogen in the solution could be accounted for by the direct 
determination of the amino-acid, acid-amide, and ammonia nitro- 
gen indicated the possibility of there still being present in the 
solution non-reacting amino nitrogen, which was not precipitated 
by tannic acid. To determine if all this was peptide nitrogen, the 
water extract of rape and oats was hydrolyzed with sulphuric acid 
for five hours and an amino-acid nitrogen determination made 
after neutralizing and diluting to a definite volume. The differ- 
ence between the results so obtained and the direct amino-acid 
nitrogen determination of the original extract is recorded in the 
table as peptide nitrogen. It will be noticed that in the case of 
rape and oats peptide nitrogen constituted 30 to 40 per cent of 
the rest nitrogen but does not account for all of it. By rest nitro- 
gen is meant the nitrogen constituting the difference between the 
total water-soluble nitrogen and the sum of the nitrogen fractions 
determined directly as ammonia, acid-amide, and amino-acid 
nitrogen. 

The data secured by the above methods are recorded in Table I. 

SUMMARY. 

The “amide” nitrogen of feedingstuffs is largely composed of 
free amino-acids and peptide linkings. In most cases the nitro- 
gen in these structures constitutes 50 to 70 per cent of the water- 
soluble nitrogen. 

The acid-amide nitrogen is relatively small, seldom exceeding 
20 per cent of the water-soluble nitrogen, and more often being 
below 10 per cent. Com stover is an interesting exception, show- 
ing approximately 40 per cent of the water-soluble nitrogen in 
acid-amide form. 

The ammonia nitrogen rarely exceeded 5 per cent of the total 
vs ater-soluble nitrogen, and in some instances was wholly absent. 




THE EFFECT OF PITUITARY SUBSTANCE ON THE EGG 
PRODUCTION OF THE DOMESTIC FOWL. 


Bt lewis NEILSON CLARK. 

(From Oldham Farm, Pori Hope, Ontario.) 

(Received for publication, July 31, 1915.) 

Dr. Carey Pratt McCord^ in his experiments with the pineal 
body, taken from growing mammals, has used chicks as subjects, 
with satisfactory results. While following his work on poultrj' 
nitb some experiments on the effect upon the offspring, of this 
'substance when fed to the parents, I was led to the study of others 
of the organs of internal secretion. The relation between the 
pituitary gland and the genital S3'stem made this gland an inter- 
esting source of e.xperiment to test its effect on the mmlation of 
the domestic fowl. TiTien ex-tracting the pineal body from the 
brains of calves and lambs, I also dissected out the pituitai^' 
gland, preparing it for use in the same way as the pineal. This 
will ex-plain why the pituitary glands, used in the experimental 
work described in this paper, were all from the brains of growing 
mammals. The heads were supplied bj' the local butchers. 

The pituitarj' substance was prepared as follows: The pitui- 
tarj' gland was dissected out and the posterior lobe and aU adher- 
ing tissue discarded. The anterior lobe was weighed, ground to 
a paste with pestle and mortar, and to it was added three times 
its weight of milk sugar, and the whole thoroughly mixed. This 
paste was dried at room temperature, ground to a powder, and 
weighed, the loss in weight amounting to 13.5 per cent. In the 
experiments recorded below 69 mg.- of this powder, representing 
20 mg. of fresh pituitary substance (anterior lobe) were admin- 
istered to each hen, per day. 


' McCord, C. P., Jour. Am. Med. Assn., 1914, Ixiii, 234. 

= Grains (avoirdupois) were used for measurements in this work on 
account of the convenient scales available. (0.33 grain = 20 mg.) 
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The fii'st experiment attempted dealt with 35 Single Comb 
White Leghorn hens hatched in April, 1913, mated, in two pens, 
to two cockerels of the same breed, hatched in Ma}’-, 1914. These 
two pens were housed in two colony-houses, on free range, and 
had been used as breeding-pens for this season’s work before the 
dosing was commenced. I have, therefore, records of their egg- 
production for several months previous, the laying being verj- 
steady and consistent. For the purpose of illustrating the results 
of this experiment, it will be necessary to give onlj’- the egg produc- 
tion for a period of fourteen daj’-s prior to first dosing. It will be 
noted in Table I that the production curve was declining, pre- 
vious to dosing, this being only natural in view of the heavy and 
consistent laying of these hens since February. Both hens and 
cockerels were forcibly fed at night time with the powder, enclosed 
in gelatin capsules, the dose in each case being 69 mg. The 
first dose was given on the evening of May 20, and the last dose 
on the evening of Maj" 28. Table I shows the daily egg produc- 
tion. A remarkable increase in production was noted on the 
fourth day after the administration of the first dose and contin- 
ued some time after the last dose, but was apparently dropping 
back to normal when, owing to the exigencies of the management 
of a large poultry farm, it was necessary to break up these iso- 
lated pens. The hens were kept under close observation for a 
period of one month after the last dosing and their general health 
continued exceptionallj'^ good, there being not one case of sick- 
ness or death among any of the subjects, and the general appear- 
ance of the birds being far above the average for this season of 
the year. 

I felt sure that the marked increase shown in the production of 
these hens, whose lajdng had been most consistent, and whose 
production curve was on the decline at the time of experiment, was 
due solely to a direct stimulating effect on the ovaries, produced by 
pituitary substance and to no other causes. A 100 per cent egg 
production is almost unlcnown in mj'- experience, at this season of 
the year, especially with flocks of this size (seventeen and eighteen 
in a pen). The conditions for egg production were practically 
ideal, but the same conditions, and very much the same weather, 
had obtained for a month previous. In order to meet the natural 
queiy as to whether the weather or other conditions might not 






488 Pituitary Feeding and Egg Production 


have influenced the production of the experimental fowl, the 
daily egg records of two large laying pens were studied and are 
given in Table I for comparison. Conditions in these two pens 
and in the experiiPental pens were verj'- similar. Feeding condi- 
tions, weather, and the nature of the soil were identical, the only 
difference being in the fact that the experimental pens were in 
small isolated houses, on free range, whereas the large flocks were 
in long continuous laying-houses each with a fenced in run of 
three and one-half acres of land. 

In order to test the effect, if any, on the hatchability of the 
eggs and the viability of the chicks, 100 eggs from the experi- 
mental fowl were collected previous to dosing — that is, from hlay 
14 to Maj’’ 20 — and were set in an incubator on May 20, the eggs 
being from two hours to six days old. On the fifth day after the 
first dose, eggs were again collected from the same fowl, 100 eggs 
being gathered from May 26 to May 28, and were set in an incu- 
bator of the same make on May’’ 29, the eggs being one to three 
days old. The results of these hatches are even more remarkable 
than the increased egg production, as is seen from Table II. 


TABLE ir. 


Date set. 

No of cg53 set. 

Infertile 

Dead 1 
germs. 1 

Dead in shell. j 

'tJ 1 

^ 1 

u 

w 

Per cent 
of 

possible. 

May 20 

100 (collected 
before dosing) 

G 

s 

15 (7 shells 

pipped) 

71 

71 

May 29 

1 

100 (collected 
after dosing) 

0 

0 

4 (all pipped) 

1 

96 

9G 


Prairie State Sand Tray Incubators of the same size were used. 
Conditions of temperature were closely'- regulated by’- thermo- 
stats. In both experiments the temperature ranged from 102- 
103.5°F., as required to give the best conditions for hatching. 
The chicks are being kept under observation to note sex and any 
peculiarities of growth. 

Feeling it desirable to have a further experiment to more fully' 
prove the effect of this substance, I determined to dose all the 
hens in one of the large lay'ing-houses. The house so chosen 
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contains 655 one year old Single Comb White Leghorn hens (no 
males), and the dose administered to them was 45 grams of the 
powder per day. Owing to the large scale on which the experi" 
ment was being conducted, it was only possible to obtain suf- 
ficient material for four daily doses. It was unfortunate that 
the dosing could not be continued over a longer period, but the re- 
sults obtained from these few doses were so marked and striking 
as to leave no doubt as to the stimulating eSect of pituitary' sub- 
stance (anterior lobe) on the egg production of the domestic fowl. 

As will be noted in Table III, in the preliminary period, the 
production curve of these 655 hens was again, in this case, on the 
decline. In order to show that weather or other conditions did 
not apparently tend to increase production on these dates, I have 
again given (in Table III) the daily egg record of the flock of 431 
hens. It will be noted in this case that the stimulating effect on 
the 655 hens lasted only about seven or eight days after the last 
dosing, but it will be seen that the total dose administered only 
provided, during the four days, the equivalent of 80 mg. of 
pituitary' substance per hen, and there is no assurance that the 
material was equally divided among the hens. It being impracti- 
cable to forcibly feed so many hens, the following method was 
employed in this case: 45 grams of powder were divided into three 
equal parts, each part being thoroughly mixed into a pailful of 
dry mash. This mash was then moistened with sour skim milk 
and fed to the hens. The same quantity of this same moist mash 
had been fed to these hens every day for months past. It had 
been mixed in exactly the same way except for the addition of 
the pituitary substance, and feeding conditions and general care 
were identical during the experiment with conditions previous, as 
far as it is possible to make conditions of this kind identical. It 
was noted that on the second day after dosing, these hens required, 
and were given, a larger allowance of grain than previously, and 
the dry mash being always before them in open feed-hoppers, it 
is probable that they consumed a greater quantity of this mate- 
rial than under normal conditions. The increased appetite was 
undoubtedly occasioned by the increase in production, the writer 
having often noted the fact that a sudden increase in the appetite 
of a flock is usually a precursor of an increase in egg production. 
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I am publishing this paper as a preliminary report. Further 
experiments ■will iollow to determine: 

1. The post period during which the stimulating effect lasts. 

2. The smallest dose producing the desired results. 

3. The general health, growth curve, and age at maturitj' of 
chicks from dosed parents. 

4. A comparison of the effect of pituitary suhstarlce taken from 
gro'wing mammals and from adult mammals. 

I have other experiments under way at the present time. 

At the time these two experiments were completed I did not 
know that work of a similar nature had been done by Pearl and 
Surface.^ These two observers administered the pituitary sub- 
stance hypodeimically to hens whose ovaries were in a state of 
complete rest (at the moulting season). They found no activa- 
tion but their experiments were canied out under very different 
conditions, as regards the physiological condition of the subjects, 
the method of administeiing the substance, etc. It seems pos- 
sible to me that the negative results they obtained as compared 
with my positive results might be explained by the fact that the 
pituitary substance I used was from growing mammals while it is 
probable that their material was from adults, as it was purchased 
from the Organotherapeutic Laboratory of Armour and Company. 
It is kno-am from the work of ^IcCord^ that positive results are 
obtained from the use of pineal body taken from gro-wing mam- 
mals, and negative results from this substance taken from adults, 
and the same may be the case rvith pituitary gland. Experiments 
are in progress to test this point. 

StDnURY. 

These experiments show that: 

1. Feeding of pituitary gland substance (anterior lobe) in- 
creased the egg production of hens whose production curve was 
on the decline; Case 1, -with 35 hens in isolated pens; Case 2, 
with 655 hens. 

2. The dosage was effective on the fourth day after the fir’s! 
dose and lasted for several days after the last dose. 

3. The hatchability of eggs from dosed parents was increased. 

’ Pearl, B,., and Surface, F. M., Jour. Biol. Chem., 1915, sxi, 95. 

* McCord, loc. cil. 




THE ASH OF CLAM MUSCLE IN RELATION TO 
ITS OSMOTIC PROPERTIES. 

Bt EDWARD B. AIEIGS. 

(From ihe TTtstar Instilule oj Anatomy and Biology and the Marine Biological 
hahoraloTy of Woods Hole, Mass.) 

(Received for publication, August 20, 1915.) 

A knowledge of the ash of the tissues of marine animals is likely 
to throw light on a number of interesting physiological problems. 
It is generally supposed that the ash of animal tissues represents 
to a large extent their inorganic salt content, and that the salts 
in question dissolved in the fluids of the living tissue play an 
important part in giving to those fluids their characteristic os- 
motic pressure. But the physicochemical conditions in the tis- 
sues which have hitherto been examined are by no means simple — 
there is no doubt that a part of the ash comes from the organic 
constituents of the tissue, and there is much reason to believe that 
a considerable proportion of the water is so combined with the 
colloids that it cannot act as a solvent for the salts.‘ 

The salt content of the blood and tissues of most vertebrates 
is much lower than that of the blood and Ijunph of the marine 
invertebrates.® It is a very interesting quest ion, therefore, whether 
the salt content of the tissues of these latter is low like that of 
the vertebrate tissues or high enough to correspond with the high 
salt content of their surroundings. The answer to this question 
can hardly fail to throw light on the osmotic properties and rela- 
tions of animal tissues in.general. 

The vitreous portion of the adductor muscle of Venus viercenaria 
has been analyzed for total ash, water, solids, sodium, potassium, 

1 Overton, E., Arch. /. d. ges. Physiol., 1902, xcii, 128-142. Meigs, E. 
B., and Ryan, L. A., Jour. Biol. Chem., 1912, xi, 410-413. Meigs, E. B., 
tiid., 1914, xvii, 91-93. 

’ Hober, R., Physikaliscbe Chemie der Zelle und der Gewebe, Leipsic, 
3rd edition, 1911, Chapt. 2. 
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calcium, magnesium, iron, phosphorus, sulphur, and- chlorine. 
The methods of analysis were in general the same as those used 
in a previous investigation.® The total ash was determined by 
heating the dried tissue moderately in a platinum crucible until 
it was carbonized, pulverizing the mass of carbon, and extracting 
it with dilute hydrochloric acid. The extracted carbon was re- 
placed in the crucible and completely ashed, the ash so obtained 
added to the acid extract, and the whole solution then evaporated. 
The residue was heated until it just began to glow, cooled, and 
weighed. 

The sulphur was determined in one case by fusing the tissue 
with sodium peroxide; in another, by ashing it without the addi- 
tion of an}'- reagent. The two sets of results are given in the 
table. 

For a description of the kind of muscle used the reader is re- 
ferred to a pre-vious article.^ 

The results of the investigation are given in the table and 
protocols at the end of this article. 

GENERAL DISCUSSION. 

Study of the figures given in the table reveals a number of 
interesting relations between the ash of the clam’s muscle and 
that of the various kinds of vertebrate muscle which have hitherto 
been studied. The figures for the potassium, phosphorus, and 
total sulphur content of the clam’s muscle are remarkably close 
to those which have been obtained for the smooth and striated 
muscle of the frog, the striated muscle of mammals, etc. The 
sodium and chlorine content of the clam’s muscle are, as one 
would expect, higher than that for the muscle of fresh water and 
land vertebrates; but remarkably low when compared with the 
sodium chloride content of sea water and of lamellibranch blood. ^ 
Consideration of the figures for total asli and for the various con- 
stituents of the ash makes it clear that the salts contained in the 
muscle cannot be nearly sufficient to bring the osmotic pressure 

’ Meigs and Ryan, loc. cit., 401. 

* Meigs, loc. cit., 82 and 83. 

* Fiirth, O. v., Vergleichende chcmische Plu'siologie dcr niederen Tiere, , 
Jena, 1903, 73. 
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of the water of the muscle up to that of sea water. This adds 
to the evidence which has been given in an earlier article to show 
that a large proportion of the water of clam muscle is combined 
with the colloids in such a manner that it cannot act as a solvent 
for salts. 

Some experiments have been carried out for the purpose of 
throwing light on the manner in which the elements of the ash 
are combined in the living tissue. 

The sulphur has been determined in two portions of muscle 
which were fused with sodium peroxide, and in two other por- 
tions which were ashed at high temperature without the addition 
of alkali. The figures obtained are widely different from each 
other, as was to have been expected from a consideration of the 
sources of sulphur in the ash of such a tissue as muscle. It is 
generally accepted that the muscle proteins contain considerable 
quantities of sulphur in organic combination. This is held in 
the ash when the tissue is fused with alkali, but most of it escapes 
when the tissue is ashed without the addition of anything to hold 
it. Whether or not all of it would escape is doubtful, and some 
small portion of it may, therefore, be included under the figures 
given for “inorganic sulphiy.” 

On the other hand, any sulphur combined as sulphate with 
sodium, potassium, magnesium, or calcium would remain in the 
ash whether or not alkali were added when the tissue was ignited, 
and the figures given for “inorganic sulphur” represent what- 
ever sulphur may originally have been combined in this way 
plus an uncertain quantity of the organic sulphur. These figures 
represent, therefore, the maximum amount of sulphur which can 
be present in the living tissue as non-volatile sulphate, and show 
that this quantity must be very small. 

Examination of the table shows that the sodium and chlorine 
of the ash are present in just about such proportions as would 
unite to form sodium chloride. That these elements exist as 
sodium chloride in the living tissue seems a -priori highty probable, 
and is rendered still more so by the results of diffusion experi- 
ments. It has been found that all the chlorine will diffusp out of 
the living muscle into a surrounding 30 per cent saccharose solu- 
tion in the course of about forty-five hours.® In more recent 

' Meigs, toe. cit., 87. 
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experiments (Experiments 1 and 2 of this article) it has been 
found that under similar conditions the muscle loses about 86 
per cent of its sodium. There is every reason to think, therefore, 
that at least 86 per cent of the sodium and chlorine found in the 
ash exists in the living muscle as sodium chloride. 

Somewhat similar experiments have been carried out with re- 
spect to the potassium and phosphorus of the muscle's ash, and 
it has been found that while the tissue loses about 75 per cent of 
its potassium to a 30 per cent saccharose solution in forty-one 
hours, it loses under similar circumstances only about 28 per cent 
of its phosphorus (Experiments 1, 2, 3, and 4). It seems impossi- 
ble, therefore, to suppose that more than about half of the tissue’s 
potassium is combined with the phosphorus as inorganic phos- 
phate. Most of the phosphorus which fails to diffuse out from the 
muscle to the sugar solution could be accounted for by supposing 
it to be combined with the calcium and magnesium of the ash 
as insoluble calcium and magnesium phosphate. But how the 
surplus potassium is combined is a problem which remains to be 
solved. 

A consideration of the quantities of acids and bases in the ash 
of clam muscle, as shown by the figures given in the table, shows 
that the former are not present in sufficient quantity to yield a 
neutral solution when combined with the latter. No matter how 
the sodium, potassium, calcium, and magnesium of the ash were 
combined with the p'hosphorus, chlorine, and inorganic sulphur, 
the resulting solution would still be strongly alkaline. It is highly 
probable, therefore, that the tissue contains some additional acid, 
which does not appear in ash analyses as ordinarily made, and 
that this acid exists in the living tissue in combination with a 
part of the potassium. Whether the acid in question is carbonate 
or something else is another question that still remains to be 
answered. 

It is a remarkable fact that the clam’s muscle remains highly 
irritable after it has been for forty hours or more in 30 per cent 
saccharose solution. Experiment 2 shows that during this period 
the muscle may gain more than 60 per cent of its original weight, 
and in an earlier article it was shown that enough sugar diffuses 
into it to bring the concentration of sacchai'ose in the water of 
the muscle up to 17.5 per cent; also, that during this period all the 
chlorine, so far as could be determined by chemical analysis, was 
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]ost.^ Experiments 1, 2, 3, and 4 show that the muscle loses also 
to the sugar solution 86 per cent of its sodium, 75 per cent of its 
potassium, and 28 per cent of its phosphorus. There is left in 
the muscle, therefore, only about 0.03 per cent Ka, 0.08 per cent 
K, 0.11 per cent P, and possibly most of the Ca, IMg, and S. 
And in spite of this remarlmble loss of its own inorganic materials 
and the taking up of considerable quantities of water and sugar 
from the surroundinp, the muscle remains as irritable as at the 
beginning of the experiment. Its behavior in this respect forms 
a noteworthy contrast to that of frog striated muscle, which verj- 
quickly loses its irritabiUtj’- in any potassium or non-electroiytic 
solution. 


In conclusion, I wish to offer my most sincere thanks to Dr. 
John Marshall and the staff of the Hare Chemical Laboratorj' of 
the University of Pennsylvania, whose kind assistance and sup- 
nort greatly facilitated the work on which this article is based. 


Consiituenk of the Adductor Muscle (Vitreous Portion) of Venus mercenaria, Given 
as Percentages of the Fresh Tissue.* 


-Vo. j 

Water. 

Solids. 

Total 

aah. 

K 

Na 

Fe 

Ca 

Jig 

P 

Sf j 
(Totat.)j 

St 

(*Tnor-| 
ganic **) 

CIS 


73.63 

26.33 

1.44 

i 

0.335 

0 247 

0 

0 042 

j 

0 053 1 

0 156 


0 033 

G.3I0 

■ 

73 11 

24. S2 

1.4S 

0 278 j 

0 184 

0 

0 oot 

0 W4 

0 148 


0 020 

0.280 

Average 

7<.« 

23.55 

1.46 

0.311 

0.203 

1 

0038 

0 

0 153 

0 225 

0 030 

0.322 


T e Sgurea gjven under No. I and No. II represent the rridest diSerences fonnd for the various con- 
I duents; the averages are made up from these and from the intermediate Sgures (see protocols). 

1 Total sulphur vraa determined in ranscle fused roth Nari) 3 . 

e gates pmhnhiy represent sulphur from inorganic sulphates plus an unknown quantity -yielded by the 
use e proteins, but they mere thought to be interesting as showing the m.ammum amount of sulphur which 
=10 be attributed to inorganic ssilphates. 

J The chlorine determinations are taken from an earlier article Ofeigs, loc. cU.. P6, Experiment S). 


Protocols of the Diffusion Experiments. 

^ all experiments the vitTeous portion of the muscle was used. 

^ xperimenl f.~July 13, 1914. Portion of adductor muscle of Venus 
weighing fresh 15.175 gm., yielded 3.873 gm. drj- substance, 0.0495 gm. or 
0.426 per cent K, and 0.028 gm. or 0.184 per cent Na^ 
in Prom the animals used in E.xperiment 1 

gm. fresh muscle were taken and kept for 41 hours in 30 per cent 
saccharose solution at temperature between 11° and 12°. The sugar solu- 

Meigs, loc. cii; 95 and 96, Experiments 6, 7, 8, and 9. 
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tion was changed three times. At the end of the 41 hours the muscle was 
still quite irritable and w'cighed 24.370 gm. It yielded 6.502 gm. dry sub- 
stance, 0.0121 gm. or 0.08 per cent K and 0.0044 gm. or 0.029 per cent Na. 

Experiment 3. — ^May 25, 1915. Portion of adductor muscle of Vemts 
weighing fresh 10.453 gm. kept for 22 hours in 30 per cent saccharose solu- 
tion at temperature between 1° and 5° with preliminarj" one and one-half 
hour period at 23°. The sugar solution w'as changed twice. At the end 
of the 22 hours the muscle was still quite irritable. It yielded 0.0421 gm. 
Mg 2 P 207 or 0.112 per cent P. 

Experiment 1^. — ^h'lay 25, 1915. Portion of adductor muscle of Fem/s 
weighing fresh 10.785 gm. kept tor 46 hours in 30 per cent saccharose solu- 
tion at temperature between 1° and 6° with preliminary one and one-half 
hour period at 23°. The sugar solution was changed four times. At the 
end of the 46 hours the muscle was still quite irritable. It 3 delded 0.0424 
gm. MgiPsO; or 0.110 per cent P. 

Protocols of the Ash Analyses and Determinations of Water and Total Solids. 

All the analyses were made on the vitreous portion of the adductor 
muscle of Venus mcrcenaria. 

Potassium and Sodium. — 23.254 gm. muscle j’iclded 0.295 gm. combined 
KCl and NaCl and 0.488 gm. K^PtClc, equivalent to 0.149 gm. KCl or 0.0779 
gm. K. 0.295- 0. 149=0. 140 gm. NaCl equivalent to 0.0574 gm. Na. Muscle 
contained, therefore, 0.0779 gm. or 0.335 per cent K, and 0.0574 gm. or 0.247 
per cent Na. In three other similar determinations the results were: 
K, 0.326, 0.278, and 0.306 per cent; Na, 0.184, 0.198, and 0.191 per cent. 

Iron. — 10.570 gm. muscle 3 dclded no Fe. In another similar determina- 
tion the result was the same. 

Calcium. — 10.570 gm. muscle 3 deldcd 0.0059 gm. CaO or 0.042 per cent 
Ca. In another simifar^xperiment the yield was 0.034 per cent Ca. 

Magnesium. — 10.570 gm. muscle 3 ucldcd 0.0198 gm. Mg^PsOr or 0.052 per 
cent Mg. In another similar experiment the 3 deldwas 0.044 percent Mg. 

Phosphorus. — 11.140 gm. muscle 3 'ielded 0.059 gm. MgsPjO? or 0.148 per 
cent P. In two other similar experiments the 3 ’ields were respcctiveb’ 
0.155 and 0.156 per cent P. 

Sulphur {“Inorganic'’). — 13.764 gm. muscle ashed at high temperature 
without the addition of alkali yielded 0.036 gm. BaSOi or 0.033 per cent 
S. In another similar experiment the 3 deld was 0.026 per cent S. 

Srdphur (Total). — 11.350 gm. muscle fused with Na!02 3 'ielded 0.200 gm. 
BaSO^ or 0.242 per cent S. In another similar experiment the yield was 
0.208 per cent S. 

Total Ash. — 10.570 gm. muscle yielded 0.152 gm. or 1.44 per cent total 
ash. In another similar determination the yield was 1.48 per cent ash. 

Water and Solids. — 14.902 gm. fresh muscle dried for 42 hours at temper- 
ature between 100° and 110° yielded 3.845 gm. or 25.80 per cent solids 
and 74.20 per cent water. In five other determinations, the results were: 
solids, 26.35, 25.87, 24.89, 24.95, and 25.52 per cent; water, 73.65, 74.13, 
75.11, 75.05, and 74.48 per cent. 



STUDIES IN CARBOHYDRATE METABOLISM. 


X. THE INFLTTENCE OF HYDRAZINE UPON THE RESPIRATORY 
QUOTIENT AND UPON HEAT PRODUCTION. 

Bt frank P. UNDERHILL akd JOHN R. MURLIN. 

(From the Shcjjield LahoratoTH of Physiological Chemistry, Yale hmversity, 

A'etc Haven, and the Laboratory of Physiology, Cornell University 
Medical College, A'cic York City.) 

(Received for publication, July 27, 1015.) 

Previous communications* have demonstrated that carbohy- 
drate metabolism in the dog is markedly influenced bj'- the sub- 
cutaneous injection of hydrazine. It has been shown, for example, 
that subsequent to treatment with this substance blood sugar con- 
tent* is noticeabl}’ diminished, the change being accompanied by 
a disappearance of gl3’cogen from the liver* and muscles. Sig- 
nificant histological alterations'* in the hepatic cells obtain simu- 
lating those of degeneration. With large doses of hydrazine 
death invariably' ensues. On the other hand, with the dosage 
carefully regulated animals may, and usually do, recover from the 
influence of hy'drazine, the liver likewise regaining a normal 
appearance.* The production of hypoglj’cemia is not accompanied 
by glycosuria nor can any evidence be obtained of an increased 
output of such substances as lactic acid, diacetic acid, or acetone. 

-An explanation has been sought which would account for the 
lowered blood sugar content and the disappearance of gljmogen 
from the body . The problem has been attacked from various view- 
points but in each instance the result has failed to afford the de- 

> Underhill, F. P., Jour. Biol. Chem., 1911-12, x, 1.59. Underhill, F. P., 
and Fine, AI. S-, ibid., 1911-12, x, 271. Underhill, ibid., 1914, xvii, 293, 295. 
Underhill, F. P., and Prince, A. L., ibid., 1914, .xvii, 299. 

’ Underhill, ibid., 19H-I2, x, 159. 

» Underhill, ibid., 1911-12, x, 159; 1914, .xvii, 293. 

< IVells, H. G., Jour. Exper. Med., 190S, x, 457. 

‘ Wells, loc. cit. 
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sired elucidation. Thus, it has been found® that dextrose solutions 
perfused through the hearts of hj'-drazinized rabbits are not utilized 
to a different degree than is true for the hearts of normal animals. 
The experiments affording this conclusion were carried through on 
the hypothesis that muscle tissue niaj'- play a significant r61e in 
the diminution of carbohydrate in the hydrazinized animal, per- 
haps by means of an accelerated enzyme action concerned in car- 
bohydrate transformations. Again, with the same object in 
view experiments were made in which the hepatic glyoxalase^ 
activity of dogs treated with hydrazine was compared 'with that 
of normal animals. 

The present communication presents the results obtained from 
metabolism studies upon dogs at different periods subsequent to 
hydrazine treatment and indicates that the long sought explana- 
tion for the action of h 3 '’drazine is at hand. 

M eihods. 

During hydrazine intoxication food is refused, or if eaten is 
promptly vomited; hence, in the present investigation e.xperi- 
ments have been carried through only on fasting dogs, the influ- 
ence of inanition alone also being determined. The basal metab- 
olism having been determined by respiration experiments on one 
or two dogs, a single dose of Itydrazine was administered sub- 
cutaneously in 2.5 per cent solution at the rate of about 50 mg. per 
Idlo. In only one instance was the metabolism determined within 
the first twenty hours, since the animal in this period usually e.x- 
hibits a high degi’ee of irritability. From this time on, however, 
the period of excitation gives place to one of depression and the 
animal is then suitable for a respiration experiment. 

The apparatus used was the resphation incubator recently 
described by one of us (M®). Alcohol checks performed during 
the course of this work proved it to be in perfect condition. 

The urine was analj’^zed for nitrogen and the excretion of this 
element was used in the calculation of the heat production for the 
first two dogs, but not for the last two. Because of the small 

® Underhill and Prince, loc. cit. 

^Underhill, F. P., and Hogan, A. G., Jour. Biol. Chcm., 1915 xx, 211. 

® Murlin, J. R., Am. Jour. Dis. Child., 1915, ix, 43. 
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amount of nitrogen excreted, no material difference is made by 
the omission. 

From the data in the table it is obvious that after the adminis- 
tration of hydrazine to a fasting dog no change occurs in the rate 
of dextrose oxidation until about the thirty-sixth hour. From 
this period to the forty-sixth hour or longer the respiratory quo- 
tient is raised — evidence of increased combustion of carbohydrate 
material. Inasmuch as h3T30gIycemia obtains at approximately 
the same period, as has been determined previously' and in unpub- 
lished work, it is reasonable to interpret the low blood sugar con- 
tent as a result, in part at least, of an increased oxidation of dex- 
trose. Coincident with an augmented rate of oxidation it is prob- 
able that the power to furnish dextrose from non-carbohydrate 
sources is temporarily inhibited. That this capacity is checked 
for the time being only is attested by the fact that the blood sugar 
level returns to the normal within four day's and gly'cogen is then 
present in the liver and muscles. 

When dextrose is injected subcutaneously into hydrazinized 
dogs in doses of 5 grams per kilo of body weight death almost 
invariably follows within a period of twelve hours. The data in 
the appended table show, as indicated by the respiratory quotient, 
that a portion at least of the administered dextrose is oxidized 
rapidly. Since hydrazinized animals apparently' temporarily lose 
the power to store glycogen it is clear that the ability to store 
glycogen is not inseparable from the capacity to oxidize dextrose; 
that is< the one may' be inhibited or retarded without impairing 
the other. 

It may also be seen that hy'drazine is without influence upon 
heat production aside from the changes induced (a) by the mus- 
cular actmty in the stage of excitement and (b) by the muscular 
relaxation during the period of depression. On the other hand, 
the subcutaneous injection of dextrose into hydrazinized dogs 
appears to bring about an increased heat production; that is, it 
exerts a specific dy'namic action.® 


» Compare Lusk, G., Jour. Biol. Chem., 1912-13, xiii, 27. 
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CONCLUSIONS. 

The subcutaneous injection of hydrazine into fasting clogs in- 
duced an increased rate of carbohydrate combustion as measured 
by the respirator}’- quotient. 

This increased combustion of carbohydrate probabl}^ e.xplains 
the diminished blood sugar content and the disappearance of 
glycogen from the liver and muscles observed in previous 
communications. 

Subcutaneousl}'- introduced de.vtx’ose is oxidized more rapidly in 
dogs that have received hydrazine than in the normal fasting ani- 
mal. Such injections of sugar to h3'-drazinized dogs also appear 
to exert a specific dynamic action. 

Hydrazine exerts no specific influence upon heat production. 
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Respiratory Mclahohsm of l{ijdrazim:cd Boys. 
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Dog 4. Fasting Two Days. 


Weight. 

Hours after 
hydrazine. 

Respiration 

period. 

COz liters 
per hour. 

Of liters per 
hour. 

R.Q. 

N in urine 
per hour. 

Heat pro- 
duced. 

Remarks. 

kg. 



1 
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,1.44- 2.44 
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2.55 p.m., blood contains 0.201 
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Dog still nlivo. Urine contains bile. 
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11.00 a.m. 

10.30 a.m. 5 co. of blood from carotid arterj’ contains 0.12 per cent glucose. 

10.40 20 gm. glucose given subcutaneously. ] 

12.45 dog found dying: blood from carotid con- 

tains 0.18 per cent glucose. 
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I. INTRODUCTION. 

Bile salts occur in the urine in certain diseases, especiall}* 
jaundice, but the small quantities which occur are difficult to 
detect by chemical tests. Hay’s method of testing by shaking 
flowers of sulphirr upon the surface of the urine depends upon the 
unusual power which bile salts possess, even in small concen- 
trations, of lowering the surface tension of a solution. When the 
surface tension of the urine is lowered the powdered sulphur 
sinks to the bottom, and the lower the surface tension the more 
rapidly this takes place. The method is very unsatisfactory, 
however, because of the large variation in the surface tension of 
normal urine and because the interpretation of the test is so 
largely a matter of the judgment of the operator. Some test for 
bile salts more accurate than Hay’s, but still convenient, and if 
possible a quantitative method, would be very desirable, 
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The surface tension of a solution may be measured very accu- 
rately by the stalagmometric method. Donnan and Donnan’ 
and Lyon-Caen- have measured the surface tension of normal and 
pathological urines and of solutions of different urinary con- 
stituents by this method. The present study was undertaken 
to determine the feasibility of estimating the amount of bile 
salts present in pathological urines from measurements of the 
surface tension taken with a portable Traube stalagmometer. 
The problem was undertaken under the direction of Dr. J. F. 
McClendon, who has given valut^ble assistance at manj'- points. 

ir. THE jrETHOD OF MEASURING THE SURFACE TENSION. 

The surface tension of solutions reported in this paper was measured 
by means of a portable Traube stalagmometer which drops distilled water 
at an average rate of 40.8 drops in about two minutes and a half at 22°C. 
Solutions were drawn up into the pipette with the assistance of a filter 
pump until the surface of the solution was above the upper mark on the 
stem of the instrument. The beaker of solution was then held with the 
surface of the solution in the beaker in contact with the lower end of 
the pipette. The solution was allowed to run out of the pipette until the 
upper meniscus of the liquid in the instrument reached the upper mark 
on the stem. The beaker was then quickly lowered, breaking the con- 
nection between the solution in the beaker and that in the pipette, and the 
number of drops flowing from the pipette was counted until the meniscus 
reached the lower mark on the stem of the stalagmometer. The procedure 
described enables one to estimate the fraction of the last drop very easib’ 
and at the same time to work rapidly. 

The surface tension of a solution is computed in per cent of that of 
distilled water according to the formula; 

Number of drops of distilled water . , , , 

^ j-j j — i-—. X specific gravity of the solution. 

ANiiinOGr of drops of solution 

The results obtained by these methods are in close agreement 
with those of Donnan and Donnan, who used more exact methods 
with a fi.xed pipette dropping about 201 drops of distilled water. 
As will be shown later, the determinations of Lyon-Caen were 
veiy high. This discrepancy appears to be due to the pipette 
which he used and describes as dropping 120 drops of distilled 

‘ Donnan, W. D., and F. G., The Surface Tension of Urine in Health 
and Disease, Bril. Med. Jour., 1905, pt. ii, 1636. 

- Lyon-Caen, L., Recherches experiment ales sur la tension superficielle 
des urines, Jour, do physiol, et dc path, gen., 1010, xii, 526. 
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water in two to three minutes. This is nearly three times the 
rate of dropping of the Traube stalagmometer which we used, 
and is too great for accurate determinations. With too rapid 
dropping the substance which lowers the surface tension does 
not have time to accumulate in the surface layer enough to 
produce the maximum lowering. Bottazzi* states that in no case 
may more than 20 drops a minute be permitted. In another 
respect also the pipette described by Lyon-Caen seems open to 
criticism; that is in the fact that it lacked a broad dropping sur- 
face. When a standardized Traube stalagmometer is used it is 
our belief that measurements of the smface tension of urine can 
be made with sufficient accuracj' for clinical purposes. 

in. THE EFFECT OF BILE SALTS UPOX THE SUBFACE TENSIOX. 

Bile salts possess the unusual property of lowering the surface 
tension of a solution veiy markedly even when present in small 
concentrations. Table I shows a lowering of the surface tension 


TABLE I. 

Sficirinj ihe Surface Tension of Solutions of Sodium Glycocholatein Distilled 

Water. 


Solution. 

Drops. 

S.T. 

i 

Distilled water 

40.8 

i 100.0 

Xa-Glyc. per cent in distilled water. 

0.1 

59.8 i 


0.05 

57.1 

71.4 

0.025 

55.0 

74.1 

0.0125 

52.6 

77-5 

0.00625 

49.5 

82.4 

0.003125 

46.3 

88.1 

0.0015625 

42.5 j 



of distilled water from 100 per cent to 68.2 per cent by the addi- 
tion of 0.1 per cent sodium glycocholate. 

Upon successive dilutions of this solution the surface tension 
was gradually raised, but so small a concentration of the bile salt 
as 0.00156 per cent caused a lowering of 4 per cent. 

’ Bottazzi, F., in Neuberg’s, Der Haro sovrie die nbrigen Ausscheidung- 
cn und Kdrperflussigkeiten von Menscb und Tier, Berlin, 1911, pt. ii, 1709. 
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When bile salts are added to normal urine their effect upon the 
surface tension is similar to that in distilled water, A specimen 
of normal urine diluted with distilled water to a specific gravity 
of 1.010 had a surface tension of 95.6 per cent. The reason for 
diluting with distilled water to this specific gravity will be ex- 
plained later. When 0.1 gram of sodium glycocholate was added 
to 100 cc, of this diluted urine the surface tension was lowered 
to 62,7 per cent. Upon successive dilutions of this solution with 
the original urine (sp. gr, 1.010) the surface tension graduall}’- 
increased. So small an amount of sodium glycocholate, however, 
as 0.00078125 gram in 100 cc., i.e., less than one part in 100,000 
caused a lowering of nearl}’- 3 per cent. 

TABLE ir. 


Showuig the Surface Tension of Solutions of Sodium Glycocholate in Urine. 


1 

Solution. 1 

1 

Sp. gr. 1 

Drops. ] 

Bi 

Distilled water 

1 

40.8 

100.0 

Urine Sample I. 

Diluted 

1.010 

1 

43.1 ‘ 

95.6 

Urine -f Na-Glyc. gm. per 100 cc. 

0.1 

65.7 

62.7 

0.05 


63.0 

65.4 

0.025 


59.8 

68.9 

0.0125 


1 56.0 

73.6 

0.00625 


52.4 

78.6 

0.003125 


49.0 

84.1 

0.0015625 

0.00078125 


46.0 

44.4 

89.6 

92.8 




Figure 1 shows that increasing amounts of sodium glycocholate 
lowered the surface tension of this sample of urine (Sample I) 
at first very rapidly and with further increases in concentration 
more slowly as the curve of surface tension approaches the hori- 
zontal at about 60 per cent. 

Donnan and Donnan found that 0.0664 gram of sodium glyco- 
cholate in 100 cc. of urine lowered the surface tension from 91 
per cent to 62.4 per cent. Lymn-Caen determihed the surface 
tension of a 0.1 per cent solution of sodium glycocholate as 80.9 
per cent. As explained above this high figure must be due to 
instrumental error. 
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Surface tension in per cent. 



Fig. 1. Curves showing the surface tension of solutions of sodium 
glycocholate in four samples of normal urine diluted to a standard specific 
gravity of 1.010. 
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IV. VARIATION IN THE SURFACE TENSION OF NORJIAL URINE. 

The surface tension of normal urine varies considerably even 
in the same individual. Donnan and Donnan found a variation 
in the same individual between 82.4 per cent and 93.6 per cent. 
They found the morning urine sometimes charaeterized by high 
density and low surface tension due to the greater concentration. 
Unusual exercise caused a fall in surface tension and a rise in 
density. In general a high specific gravity is associated with a 
low surface tension. One cause of the valuation in the surface 
tension of normal urine, therefore, is the varying dilution with 
water. If all samples of urine could be reduced to the average 
specific gravity, 1.020, this source of error could be eliminated. 
Since this is not practicable we have attempted to dilute all sam- 
ples to a standard specific gravitj’^ of 1.010. When this was done 
the variation was found to be reduced. Table III shows the 
surface tension of the urine of the same individual taken at differ- 

TABRE HI. 


Showing the Surface Tension of Sainplcs of Urine from the Same Individual 
at Different Times, and Showing the Svirface Tension of the Same Sa7nplcs 
after Being Diluted to a Staridard Sp. Gr. of 1.010. 


Date. 

Time. 

1 1 

As collected. 

Diluted to sp. gr. I.OIO. 

Sp. er. 

Drops. 1 

1 

S. T. 

Drops. 

S. T. 

(Distille 

d water) 

wM 

40. S 

100.0 

40.8 

100.0 

Feb. 16 

On rising 

119 

46.0 

90.6 

42.8 

96.3 

K H 1 

Noon 

119 

46 S 

89.2 

42.7 

96.5 

Feb. 19 

On rising 

■19 

48. 3 

86.1 

43.4 

94.9 

ft ft 

Noon 

1.019 

43.2 

96.2 

41.6 

99.1 

ft t( 1 

6 p.m. 

1.024 

45.7 

91.4 

42.3 

97.4 

ft if \ 


1.028 

46.8 

89.6 

42.1 

97.9 

Feb. 20 

3 p.m. 

1.025 

45.7 

91.5 

42.1 

97.9 

Feb. 24 

On rising 

1.026 

48. 2 

86. S 

43.5 

94.8 

ft if 

11 a.m. 

1.011 

44.4 

92.9 

43.8 

94.1 

ft ff 

1 p.m. 

1.021 

45.4 

91. S 

42.6 

96.7 

i t ft 

6 p.m. 

1.0195 

44.7 

93.1 

42.6 

96.7 

ft ff 

10 p.m. 

1.024 

46.2 

90.4 

42.6 

96.7 

Fob. 25 

On rising 

1.019 

44.6 

93.2 

42.5 

97.0 

ft ft 

Noon 

1.0215 

44.0 

94.7 

42.0 

! 98.1 

Mar. 1 

On rising 

1.021 

45.7 

91.2 

42.4 

97.2 

I\rar. 9 

24 Jirs. 

1 .0225 

1 



43.1 

95.6 
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ent tiroes of the day, and the surface tension of the samples nrhen 
diluted to the standard specific gra\ity of 1.010. 

The surface tension of samples at the standard specific gra\nty 
was above 94 per cent w'hile the surface tension of the samples 
as collected ran donm to 86.1 per cent. A sample was found 
from another individual which had* a surface tension of 83.9 per 
cent and a specific grardtj' of 1.028. After dilution to the stand- 
ard specific gravity the tension became 91.9 per cent. It seems 
to be safe to conclude, therefore, that if the surface tension of 
normal urine may run as low as 80 per cent, then the surface 
tension of samples of normal urine diluted to a standard specific 
gravity of 1.010 will lie above 90 per cent. In other words, the 
range of variation of normal urine is practically cut in half by this 
procedure. The measurements of the effects of bile salts and 
other substances upon the surface tension of mine have usually 
been made in this study upon samples of urine diluted to the 
standard specific gravity of 1.010. 

V. UEINARY CONSTITUENTS NOT AFFECTING THE SURFACE TENSION. 

If the bile salts in urine are to be measured quantitatively' by 
the surface tension method, it must be certam that the surface 
tension of the sample is not materially lowered or raised by other 
constituents. None of the normal constituents of urine are knonm 
to have any considerable effect upon the surface tension. Inor- 
ganic salts increase the surface tension of distilled water, but 
only' veiy slightly'. Donnan and Donnan found that urea, sodium 
urate, dextrose, acetone, and albumin (egg white) had no effect 
upon the surface tension of urine, or only' very little effect in con- 
centrations that are relatively high for urine. Lyon-Caen added 
creatinine, thiocy'anates, bippuiic acid, and biliary' pigments to 
this list as not affecting the surface tension of distilled water. 
We have confirmed these observations for urea, uric acid, hippuric 
acid, and creatinine in distilled water, and have found that cre- 
atine, oxalic acid, aUantoin, inosite, and leucine are also without 
effect upon the surface tension of distilled water in the concen- 
trations indicated in Table Tl''. 
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TABLE rv. 


Showing the Surface Tension of Solutions of Various Urinary Conslituaits 

in Distilled Water. 


SubatoDcc. 

Concentration. 

Sp. gr. 

Drops. 

S.T. 

Distilled water 





40.8 

100.0 

Urea 

5.0 gm, per 100 cc. 


41.4 

9.0.8 

It 

2.5 “ 

tt t 

t tt 

BESS 

41.0 

100.1 

Uric acid 

Saturated solution 

1.002 

40.7 

100.2 

(C tt 

1 gm. in 2000 cc. + 50 cc. 





^NaOH-f-solidNaOH 
till acid dissolved = 

1 

1 



0.0487 
• 100 cc. 

gm. 

acid per 

1.002 

40.8 

100.2 

Hippuric acid 

0.04 gm. 

. per 

100 cc. j 


40.8 

100.0 

Oxalic acid 

0.004 “ 

tt 

tt it 


40.7 

100.2 

tt (t 

0.002 “ 

tt 

tt tt 


40.8 

100.0 

Creatinine 

0.1 

tt 

tt tt 


41.0 

99.5 

Creatine 

0.2 “ 

it 

tt tt 


40.9 

99.8 

tt 

0.1 

tt 

tt tt 


40.7 

100.2 

Allantoin 

0.2 “ 

tt 

tt tt 


40.9 

99.8 

tt 

0.1 “ 

tt 

tt tt 


40.9 

99.8 

Inosite 

1.0 “ 

tt 

tt tt 


40.8 

100.0 

Distilled water 

(Temperature 26°C.) 


41.0 

100.0 

Leucine 

1 .0 gm. per 100 cc. 


41.7 

98.3 


VI. THE EFFECT OF PEPTONES UPON THE SURFACE TENSION OF 

URINE. 

The only other urinary constituents which we have found de- 
scribed as materially affecting the surface tension of urine are 
peptones. Lyon-Caen found that Witte's peptone lowered the 
surface tension of distilled water to 88 per cent in a 0.1 per cent 
solution. We have found the effect to be still greater than is 
indicated by this figure. A 0.1 per cent solution in distilled water 
was found to have a surface tension of 81.2 per cent and 0.1 
gram added to 100 cc. of urine lowered the tension from 94 per 
cent to 80.6 per cent. Peptonuria, therefore, may cause appre- 
ciable error in attempting to measure the amount of bile salts 
present by the surface tension method. 
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table V. 


Showing the Surface Tension of Solutions of Witte’s Peptone in Distilled 
Water and in Urine. 


' — - — — 

Solution. 

Sp.gr- 

Drops. 

S.T. 


1.000 

41.0 

100.0 

Witte’s peptone 0.1 gm. per 100 cc 


50.5 

81.2 

” “ 0.05 “ “ “ “ 


49.0 

83.7 

(i if Q QO ** ** “ “ 


45.9 

90.0 

“ “ 0.005 '' “ " “ 


41.6 

98.6 

Distilled water 

1 

1.000 

41.0 

100.0 

Urine. Diluted 

1.010 

44.0 

94.0 

Urine + W’itte’s peptone 0.1 gm.perlOOcc. 


51.3 

80.6 

“ -p " “ 0.05 “ “ “ 


50.1 

82.6 

it ** 0 02 


47.2 

87.7 

<■ + “ " 0.005 " “ “ “ 


44.9 

92.2 


VII. THE EFFECT OF ACETONE BODIES UPON THE SURFACE TENSION 

OF URINE. 

The acetone bodies, acetone, aceto-acetic acid, and ^-oxj'butyric 
acid, may occur in the urine in considerable amounts, especiall 3 ' 
in diabetes. Donnan and Donnan found that acetone added to 
urine had very little effect imless as much as 1 per cent bj' volume 
was added when the surface tension was depressed almost 3 per 
cent. We found that 2 per cent by volume of acetone in urine 
depressed the surface tension from 91.3 per cent to 87.2 per cent. 


TABLE VI. 

Shoming the Surface Tension of Solutions of Acetone in Distilled Water and 

an Urine. 


Solution. 

Sp . gi . 

Drops. 

1 S.T. 

Distilled water 

1.000 

40.9 

100.0 

Acetone 2.0 cc. in 100 cc 

0.9975 

45.9 

88.7 

10“ '' 

0.998 

43.9 

92.9 

" 0.5 “ “ “ 

0.999 

42.6 

95.9 

“ 0 . 25 “ “ “ “ 

1 

1.000 

41.9 

97.6 

Urine 

i 

1- 


“ T- 2.0 VC. acetone in 100 cc 

1 .0155 

47.6 

87.2 
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although 2 per cent of acetone in distilled water depressed the 
tension from 100 per cent to 88.7 per cent. 

/i?-Oxybut 3 a’ic acid is much more important in its action on the 
sm-face tension than acetone. A 1 per cent solution by weight 
in distilled water was found to have a surface tension of 78.5 per 
cent, and 1 gram in 100 cc. of urine depressed the surface tension 
from 91.3 per cent to 75.3 per cent. 

TABLE VII. 


Showing the Surface Tension of Sohitions of P-Oxyhuiyric Acid in Distilled 

Water and in Urine. 


Solution. 

Sp. gr. 

Drop.*.. 

s. T. 

Distilled water 

1.000 

40.9 

100.0 

Gm. per 100 cc. 

(S-O.vybutyric acid 1.0 


52.0 

78.5 

“ " 0.75 


51.0 

80.0 

" " 0.5 


49.8 

81.9 

“ “ 0.25 


47.8 

85.4 

" “ 0.125 


46.0 

88.7 

“ “ 0.0625 


44.5 

91.7 

“ “ 0.03125 


43.2 

94.7 

“ “ 0.007125 


41,6 

98.1 

Distilled water 

HI 

40.8 

100.0 

Urine 


45.7 

91.3 

“ l.Ogm./S-oxj’^butj'ric.ncidperlOOcc. 


55.3 

75.3 

Distilled water 

1.000 

40.9 

100.0 

/9-Oxybutyric acid 0.634 gm. per .100 cc. 
after being made neutral to methyl orange 
and alizarin with NaOH 


47.4 

86.1 

/3-Oxybutyric acid 0.645 gm. per 100 cc. 
after being made neutral to litmus with 
NaOH 


47.6 

85.7 


"When this acid was neutralized with sodium hydrate it was 
found to lose only about one-fourth of its effectiveness in lowering 
the surface tension of distilled water. When the 1 per cent 
)8-oxybutyric acid solution in distilled water was neutralized to 
litmus with sodium hydrate the resulting solution, which was 
equivalent to a 0.645 per cent solution of /3-oxybutyric acid, had 
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a surface tension of 85. 
of this concentration oi 

sion of 80.7 per cent as 

^?n severe acetonuria the jS-oxj'butjnric acid may be found in 
larger amounts than the acetone itself, and these observations 
indicate that such a condition -would have a pronounced effect 
upon the surface tension of the urine. It vmuld be important to 
determine also the effect of aceto-acetic acid upon the surface 
tension of urine for this substance would be found accompanying 
the oxybutyiic acid, and it is also present in less severe acetonuna 
when the oxybutyiic acid is not found. ^-O.xybutync acid, like 
the bile acids, is difficult to demonstrate in urine. Some simple 
test for it would be of great value in the study of glycosuria. 
Whether the surface tension method would be of value for this 
purpose is not certain. If aceto-acetic acid also lowers the tension 
very strongly, then these two bodies could not be distinguished 
by this means. It is evident, however, that conditions of ace- 
tonuria must be avoided in testing for bile salts by this method. 
According to von Noorden* acetonuria can be eliminated, except 
in diabetes, by feeding carbohydrates. 

tabuevhl 


Showing the Surface Tension of Solutions of Lactic Acid and of Benzoic 
Acid in Distilled Water. 


Solution, 

sp-er- 

Drops. 

S.T. 

Distilled water 

1,000 

40.7 

100,0 

Lactic acid 1 .0 gm. per 100 cc 


1 44.3 

1 92-. 1 

“ » 0.59 “ “ ” “ after being 

made neutral to litmus with NaOH 

1 

41.3 

1 

98.8 

Distilled water. 


40.8 

100.0 

Benroic acid 0.2 gm. per 100 cc 


44.0 

92.7 



42.0 

97.1 

<< <( C( n ti (( 


41.3 

98.8 


7 per cent; while a distilled water solution 
[ the unneutralized acid has a surface ten- 
determined from a graph based upon Table 


‘ von Noorden, C., Clinical Treatises on the Pathology and Therapy of 
Disorders of Metabolism and Nutrition. Part VH. Diabetes Mellitus, 
New York, 1905. 




516 


Bile Saits in Urine 


VIII. BENZOIC ACID AND LACTIC ACID. 

Lactic acid and benzoic acid have been found to have an effect 
upon the surface tension of distilled water, but a less effect than 
that of the peptones and the ox 3 ’-butyric acid. These substances 
might become a minor source of error when present in considerable 
amounts. 

IX. THE “eECIPEOCAL ACTION” OF MINERAL SALTS AND BILE 
SALTS IN LOWERING THE SURFACE TENSION. 

It has been shown bj’- Traube^ and by Billard and Dieulafc'’ 
that while very dilute solutions of liile have a surface tension verj' 
much below that of distilled Avater, the tension is lowered still 
further if a little mineral salt is added. This is true in spite of the 
fact that mineral salts themselves do not lower the surface ten- 
sion of distilled water. Sodium salts were found more active in 
this respect than those of potassium, and among the different 
salts the chlorides were the most effective. 

Lyon-Caen confirmed the results of Billard and Dieulafe. He 
found that a 0.1 per cent solution of sodium glycocholate in dis- 
tilled water had a sm-face tension of 80.2 per cent of that of dis- 
tilled water. The same concentration of glycocholate in 0.1 per 
cent sodium chloride solution had a surface tension of 76.4 per 
cent. With increasing concentrations of sodium chloride the sur- 
face tension became successive^ lower until it reached 69.3 per 
cent in an 0.8 per cent sodium chloride solution. This author 
made the further observation that increase of sodium chloride 
above the concentration of 0.8 per cent, up to 1.5 per cent at 
least, failed to cause greater lowering of the tension. 

We have repeated these experiments with sodium chloride in 
0.1 per cent and 0.003125 per cent solutions of sodium glyco- 
cholate in distilled ivater, and have verified the fact that a mini- 
mum surface tension is I'eached when the sodium chloride con- 
tent reaches 0.8 per eent. The surfaee tension of a 0.1 per cent 
solution of glycocholate' in distilled AA'ater was found to be 69.3 
per cent. Increasing amounts of sodium chloride lowered this 

‘ Traube, J., Jour.j. prakt. Chem., 18S5. xx.xi, 214. 

* Billard and Dieulafe, Compt. rend. Soc. do bioL, 1902, liv, 405. 
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TABLE IX. 


Showing the Surface Tension of Solutions of Sodium Glycocholate in Distilled 
Water and in Salt Solutions. 


Solution, 

Sp. gr. 

Drops. 

S.T 

Distilled water 

1.000 

40.7 

100.0 

Xa-Glvc. 0.1 per cent 

1.001 

58 .4 

69.8 

“ “ “ -j- 0.1 gm. NaClper lOOcc 

1.0025 

64.6 

63.2 

it (( It _L Q 2 ** ** ** ** 

1.0035 

65.7 

62.2 

“ “ “ +0.4 “ “ “ 

1.005 

66.6 

61.4 

It tt tt Q 3 ** ** 

l.OOS 

6S.0 

60.3 

It tt **-^12 ** ** ** 

1.011 

6S.0 

60.5 

11 tt j 0 ** ** •• 

1 .0135 

6S.4 

60.3 

Xa-Glj’c. 0.003125 per cent 

1.000 

44.8 

90.8 

“ " “ +0.2gm.ISraClperl00cc. 

1.002 

45.6 

89.4 


1.0045 

45.7 

89.4 

“ " “ +0.6 “ “ “ “ “ . . 

1.006 

46.0 

88.9 

tt tt ti 3 ** ** 

l.OOS 

46.4 

88.4 

“ “ '■ + 1.2 “ “ “ *• •* . . . 

1.011 

46.0 

88.4 

tt ft 1 6 ** 

1.014 

46.6 

88.5 

Distilled water 

1.000 

40.9 

100.0 

.\cetone2.0cc. per 100 cc. distilled water 

0.997 

46.0 

88.6 

“ “ “ “ “ “1.0 per cent NaCl 




solution 

1.005 

46.3 

88.7 


TABLE X. 


Showing tht Surface Tension of Solutions of Sodium Glycocholate in Distilled 
Water and in Sodium Sulphate Solutions. 


Solution, 

Sp.gr. 

Drops. 

S. T. 

Distilled water 




1.000 

40.8 

100.0 

X a- Gli’c. 0 . 1 per cent 




1.001 

61.4 

66.5 

“ “ “ + 0.2gm.Na5SO, 

per 100 cc. 

1.0035 

65.6 

62.3 

“ “ “ 0.4 “ “ 

(( 

tt 

tt 

1.005 

66.3 

61.3 

“ “ “ + 0.6 “ “ 

It 

tt 

tt 

1.0065 

67.3 

61.0 

It 11 Q g tt (t 

tt 

tt 

tt 

1.008 

67.7 

60.7 

“ ** -f- 1 0 ** ** 

tt 

It 

tt 

1.009 

68.1 

60.4 

“ •• .. ^ 12 “ 

tt 

tt 

It 

1.0105 

68.8 

59.9 

“ 1 4 

tt 

tt 

tt 

1.012 

69.6 

59.3 

“ “ “ + 1.6 “ 

tt 

tt 

ft 

1.013 

70.6 

58.5 

“ “ “ + 2.0 “ “ 

tt 

tt 


1.016 

71.2 

58.2 

“ “ “ +10.0 “ 

tt 

tt 

tt 

1.065 

76.3 

56.9 
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TABUE XI. 

Showing ihe Effect upon Surface Tension of Urine of Adding Sodium Chloride. 


Solution. 

Sp. gr. 

Drops. 

S.T. 

Distilled water 


40.9 

100.0 

Urine Sample I 


43.4 

94.4 

“ “ 0.5 gm. NaCl per 100 cc. 


44.0 

94.1 

Distilled water 


4t).8 

100.0 

Urine Sample II 


46.6 

89.7 

” “ ” +0.5 gm. NaCl per 100 cc. 


47.1 

89.1 

“ “ “ + 1.0 “ “ “ “ “ 


47.4 

88.6 

“ “ “ + 1.5 “ “ " “ " 


47.7 

88.4 

“ “ " +2.0 “ “ “ “ " 

1.0385 

48.0 

88.2 

Distilled water 

1.000 

4(f.6 

100.0 

Urine Sample II. Diluted 

1.010 

42.1 

97.4 

” ” ” “ + 0.5 gm. NaCl 




per 100 cc. 

1.0135 

42.5 

96.8 

“ “ “ 'v'.,, +1-0 gm. NaCl 




per 100 cc. 

1.0175 

42.6 

■ 96.9 

" +2.0 gm. NaCl 




per 100 cc. 

1.024 

43.5 

95.4 

Distilled water 

1.000 

40.6 

100.0 

Urine Sample III. Diluted 

1.010 

42.3 

98.7 

“ “ » “ +0.01 gm. Na- 




Glyc. per 100 cc. 


56.3 

72.8 

" “ “ “ +0.01 gm. Na- 




Glyc. per 100 cc. 




+ 1.0 gm. NaCl 




per 100 cc. 

1.0185 

57.8 

71.5 

“ “ “ “ +0.01 gm. Na- 




Glyc. per 100 cc. 




+ 2.0 gm. NaCl 




per 100 cc. 

1.025 

59.0 

70.5 


figure until it reached 60.3 per cent for 0.8 per cent sodium chlo- 
ride. Further increase of sodium chloride up to 1.6 per cent 
caused no further lowering. Similarly the surface tension of a 
0.003125 per cent solution of sodium glycocholate in distilled 
water was lowered from 90.8 per cent to 88.4 per cent by adding 
0.8 per cent sodium chloride. Sodium sulphate was found to 
have a weaker “reciprocal action,” as Lyon-Caen also reports. 
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Sodium chloride is the chief inorganic constituent in urine, and 
the fact that its “reciprocal action” reaches its maximum in an 
0.8 per cent solution is suggestive. Urine normall}’- contains a 
little more than this amount of salt, and adding a little more 
would not be expected to alter the surface tension. On the other 
hand diluting the samples to a standard specific gravity of 1.010 
would reduce the concentration of this salt. IVould it be possible 
to eliminate the small error from this source by adding an e.xcess 
of sodium chloride? Table XI shows the effect upon the surface 
tension of urine of adding increasing amounts of sodium chloride. 

The surface tension of normal urine to which no bile salts had 
been added was lowered by adding the salt. This was true both 
before and after diluting to 1.010 specific g^a^dt 5 ^ And the lower- 
ing continued after the 0.8 per cent solution of NaCl was exceeded. 

To the third sample of urine 0.01 per cent sodium glycocholato 
was added which lowered the surface tension from 98.7 per cent 
to 72.8 per cent. Then an addition of 1.0 per cent NaCl lowered 
the tension 1.3 per cent more and a second addition of 1.0 per 
cent NaCl lowered the tension an additional 1.0 per cent. The 
rule, therefore, that a maximum lowering is reached in an 0.8 
per cent solution does not hold true for mine, and it is not possi — ■ 
ble to obtain uniform readings by adding an excess of NaCl. 
The error from varjdng concentrations of NaCl does not appear 
to be large, however. 

X. THE EFFECT OF ACIDITT TJFOIT THE StTRFACE vTENSION'. 

Samples of normal urine which have been diluted to a standard 
specific gravity of 1.010 have a surface tension above 90 per cent. 

It might be expected that the initial variation in different samples 
would tend to disappear with the addition of iucreasing amounts 
of bile salts. Thus a 10 per cent lowering of the surface tension 
of urine is caused by the addition of 0.003 per cent sodium glyco- 
cholate, but when 0.01 per cent glycocholate is already present 
the addition of 0.003 per cent more of glycocholate causes a lower- 
ing of the tension of only 2 per cent, and when 0.1 per cent glyco- 
cholate is present a difference of 0.003 per cent more or less 
hardly causes an appreciable difference in the tension. Por this 
reason the curves in Figme 1 based on observations upon four 
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TABKE XII. 


Showing the Range of Surface Tension of Solutions of Sodium Glycocholale 
in Acid and in Alkaline Samples of Urine. 


Solution. 

1 

Sp. gr. 

1 

Drops. 

S.T. 

! 

Distilled water i 

1 

1 ono I 

40.8 

100.0 

Urine Sample II. (Reaction not noted.) j 


42.4 

97.4 

“ “ "Diluted 

i.oio 

42.3 

97.5 

" " " " +0.1gm.Na-Glyc. 




per 100 cc. 


60.7 

67.9 

" " " " +0.05gm.Na-Glyc. 




per 100 cc. 


57.3 

71.9 

" " " " +0.02gm.Na-Glyc. 




per 100 cc. 


53.0 

77.7 

" " “ " + 0.005 gm. Na- 




Glyc. per 100 cc. 


47.0 

1 

87.7 

Distilled water 


40.8 

100.0 

Urine Sample III. (Reaction acid.) 


50.0 

83.9 

" " " Diluted 


44.8 

91.9 

" " " " +0.1gm. Na-: 




Glyc. per 100 cc. (cloudy) 

1 

67.7 

60.8 

" " " Diluted 4- 0.02 gm. Na- 




Glyc. per 100 cc. (clear) 


60.6 

68.0 

" " " Diluted -f 0.005 gm.Na- 




Glyc. per 100 cc. 


53.0 

77.7 

Distilled water 

1.000 

40.7 

100.0 

Urine Sample IV. (Reaction alkaline.) 

1.015 

45.4 

90.9 

" " " Diluted 

l.OlO 

43.2 

95.1 

" " " “ +0.1gm.Na-Glyc. 




per 100 cc. 


62.5 

65.8 

" " " “ + 0.05 gm. Na- 




Glyc. per 100 cc. 


58.3 

70.5 

“ " " " -f 0.02 gm. Na- 




Glyc. per 100 cc. 

i 

53.2 

77.3 

" " " " + 0.01 gm. Na- 

1 

1 



Glyc. per 100 cc. 


50.7 

81.0 

“ " " " + 0.005 gm. Na- 




Glyc. per 100 cc. 


47.8 

86.0 


different samples of urine (Tables I and XII) would be expected 
to approach each other toward their lower ends. As the figure 
indicates, a very different result was obtained. One sample of 
urine to which 0.1 per cent elvcocholate was added had a surface 
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tension as high as 67.9 per cent and another sample as low as 60.8 
per cent. The original samples (sp. gr. 1.010) in these two cases 
showed a difference in surface tension of 6.6 per cent. 

The following observations called attention to the effect of the 
acidity of the urine upon its smfface tension, and this factor seems 
to account for the discrepancy. Some samples of urine do not 
readily dissolve 0.1 gram of gl3’'cocholate in 100 cc. A sample of 
this sort had a specific gra\dty of 1.028 and a surface tension of 

T.VBLE XIII. 


Showing the Effect upon the Surjpee Tension of Urine of Adding Acid and 

Alhali. 


Solution. 

Sp. gr. 

Drops. 

S.T, 


1.000 

40.7 

100.0 


1.010 

13.4 

94.6 

« 

“ 4- 1 drop concentrated Helper 100 cc. 

1.011 

44.4 

92.6 

(f 

*• + 2 drops 

it tt 

tt tt tt 

1.011 

46.0 

89 .4 

ti 

4- 3 “ 

it tt 

tt tt tt 

1.011 

47.2 

87. 1 

ti 

.. 4- 4 “ 

tt, tt 

ft tt tt 

1.011 

48.4 

85.0 

tt 

•• 4- 5 » 

tt tt 

ft it tt 

1.011 

49.6 

82.9 

i( 

.< 4- 7 » 

ti tt 

it tt tt 

1.011 

51.3 

80.2 

it 

•• 4- 10 “ 

ft tt 

it tt tt 

1.0115 

50.6 

81.3 

li 

“ 4- 10 “ 

tt tt 

tc tt ft 





(H hrs. later) 


1.0115 

50.4 

81.8 

Distilled water _ 

l.OCO 

40 9 

100.0 

Urine. Diluted. (Another portion of same 

sample as 



above.) . 



1.010 

43. S 

94.2 

U 

4-1 drop concentrated XaOH per 100 cc. 

1.010 

43.2 

95.5 

(( 

4- 2 drops 

tt tt 

(( ({ tt 

1.011 

43.6 

94.8 

(( 

4-3 “ 

tt tt 

ft tt ft 

1.011 

44.1 

93.7 

|{ 

4-0 " 

tt tt 

tt It tt 

1.011 

44.0 

93.9 


83.9 per cent. TtTien 0.1 gi-am of sodium glycocholate was added 
to 100 cc. of this urine a dense cloudj^ solution was obtained. 
The solution was then made clear by adding three drops of strong 
sodium hydrate, and it then had a surface tension of 64.3 per cent. 
When to a portion of this solution a drop of acid was added it 
became sfightty cloudy and the tension dropped to 62.6 per cent. 
Another portion was diluted with the original urine to a 0.005 
per cent glycocholate solution, when it had a tension of 75.1 per 
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cent. After adding a drop of acid to this solution the tension 
dropped to 71.7 per cent. The remainder of the original sample 
of this acid urine was diluted to a specific gravity of 1.010, when 
the smdace tension became 91.9 per cent. Addition of 0.1 gram 
of glycocholate to 100 cc. gave a partly cloudy solution having a 
tension of 60.8 per cent. This sample furnished the data for 
Sample III, Table XII and Figure 1. These observations indi- 
cate that a more acid reaction of icteric urine is accompanied by 
a lower surface tension. 

The effect of acidity upon the surface tension of normal urine 
was then tested by adding increasing amounts of hydrochloric 
acid to one portion and increasing amounts of sodium hydrate to 
another portion of the same sample of urine. The results are 
given in Table XIII, and show that a maximum difference of 15.3 
per cent in the surface tension of a non-icteric urine was pro- 
duced by changing the acidity in this way. 

The sample of urine which furnished the data for Curve III 
was known to be strongly acid. The reactions of Samples I and 
II had not been noted, but it was inferred that the latter was 
probably alkaline or weakly acid. To test this a fourth sample 
was obtained which was distinctly alkaline to litmus, and this 
sample (IV) gave a curve which approached that of Sample II. 

We conclude, therefore, that the surface tension of both nor- 
mal and icteric urines varies considerably with the reaction, being 
lower when the acidity is greater. 

XI. DISCUSSION. 

When peptonuria and acetonuria are not present and when 
samples of urine are diluted to a standard specific gravity of 1.010 
the chief remaining error in attempting to estimate the amounts 
of bile salts present by the surface tension method seems to be 
due to the varjdng acidity of the samples. Upon the basis of the 
data given above a table may be constructed showing the amounts 
of sodium glycocholate in urine diluted to a specific gravity of 
1.010 which should be present in urine of any observed surface 
tension. Such a table is given in' Table XIV which is based upon 
Figure 1. It indicates, for example, that if the surface tension 
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is 85 per cent a minimum of 0.001 gram of soclium glycocholatc 
per 100 cc. of the diluted sample may be present if the sample i.s 
acid, or a mn-st-m um of 0.008 gram may be present if the sample 
is alkaline. 

Table XIV is based entirely upon data obtained ■ndth sodium 
glycocholate. When bile is found in urine there is a mixtirre of 
glycocholate and taurocholate in imknown proportions, and, in 
many cases at least, biliary pigments are also found. Lyon-Caen 
reports finding that bUiaiy pigments do not affect the surface 

TABLE XIV. 


Showing the Amounts of Sodium Glycocholate Required to Give Any Observed 
Surface Tension in a Sample of Urine Diluted to a Standard Sp. Gr. of 
1 . 010 . 


S. T. of sample dilated to 
1.010 sp. gr. 

ifiniiDum of Eodiirm glyco- 
cholate which may 
olwerved S. T, 
(Sampleisadd.) 

llaximum of sodium glyco- 
1 cholate •which may give 

1 observed S. T. 

(Sample ia alkaline.) 

Per cent of that of distilled 
water. 

Diluted sample. 

Diluted sample. 


gm. per 100 ce. 

gm. pel 100 cc. 

95 

0 

0.001 

90 

0 

0.004 

85 

0.001 

o.oos 

80 

0.003 

0.015 

75 

0.007 

0.03 

70 

0.015 

0.065 

65 

0.033 

0.1+ 

60 

0.1+ 

0.1+ 


tension. The taurocholate lowers the surface tension just a little 
less than the glycocholate does. Accordingly, the figures given 
in Table XTi’’ are a little too low for a mixture of the two salts 
actually present in the urine. They represent the glycocholate 
equivalent of the mixture in its effect upon the surface tension. 

While the results reported in this paper may be disappointing 
in not finding the stalagmometric measurement of the surface 
tension a very accurate means of determining the amoxmt of bile 
salts in urine it must be remembered that no other simple test 
IS as satisfactory. The Hay test also depends upon the same 
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phenomenon of smface tension, and it gives no satisfactory objec- 
tive numerical result. The stalagmometer does give a numerical 
result which is not dependent upon the judgment of the operator. 
When the reaction of the sample is taken into account together 
with the percentage surface tension, this method of estimating 
the amount of bile in the urine may be found of clinical value. 



A CRITICISM OF THE BANG AND LEWIS-BENEDICT 

METHODS FOR THE ESTIMATION OF BLOOD SUGAR, 
WITH SUGGESTIONS FOR A MODIFICATION 
OF THE LATTER METHOD. 

By R. G. PEARCE. 

(From Ihc Laboratory of Physiology, n’csiern Reserve Medical School 

Cleveland.) 

(Received for publication, August 20, 1915.) 

The importance of a method for the determination of blood 
sugar which is rapid and accurate, and which requires a minimum 
amount of blood, is indicated by the numerops so called micro- 
methods which have appeared recentlj'. For a number of years 
the writer, in collaboration with Professor Macleod, has been 
seeking for such a method, but it is only within the past year that 
one which meets our requirements has been found. In the pres- 
ent paper an account of this and other less satisfactorj' methods 
recently emploj'ed in our laboratory will be given. 

The micro-method proposed by Bang^ in 1913 was thoroughly 
tried and found to be rmsatisfactoiy. It must be admitted, how- 
ever, that these trials were made according to the directions out- 
lined in the original paper. Since Bang rerrised the method- 
we have not tried it in its entirety. With the original method the 
chief trouble was in removing the protein by means of acetic 
acid and potassium chloride. As our experiments did not make 
it necessarj^ for us to use the small quantities of blood suggested 
by Bang, we attempted to modify the method by using 2 cc. of 
blood and precipitating the protein with dialyzed iron by the well 
Imown method of Rona and Michaelis. To apply Bang’s titra- 
tion, a portion of the clear filtrate properly diluted with potas- 
sium chloride solution was used, and the sugar estimated ac- 

^ Bang, I., Der Blutzucker, Wiesbaden, 1913. 

Bang, fiber die Mikromethode der Blutzuckerbestimmung, Biochem. 
Ztschr., 1913, Ivii, 300. 
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cording to Bang’s directions for his micro-method. If the great- 
est care was taken to heat the flask so that the solution boiled in 
the time specified b 3 '- Bang, and to see that no air was admitted 
in the flask Avhile cooling, and that the titration was done in a 
pure atmosphere of CO 2 , it was possible to recover added sugar 
in the blood within a 7 per cent error. The method, however, is 
slow and tedious, and requires a large number of duplicate exami- 
nations to be made on each sample in order that one may feel sure 
of accuracy. 

The main difficulty we encountered was in regulating the time 
required for the solution to reach the boiling point. A variation 
o\ from ten to thfity seconds made an appreciable difference 
in the final result. Different flasks, although apparentlj’- alike, 
will vary in the time they must be heated by a flame to make 
their contents boil, and unless one gives his undivided attention 
to the heating of the flask, and also takes the same more or less 
arbitrary sign for the moment the solution begins to boil, variations 
result in the time of heating, and these variations affect the de- 
termination in a marked degree. This makes the method very 
slow, and renders it of little use in any research where a great 
number of bloods must be tested at one time. 

With the hope of standardizing the heating conditions and of 
decreasing the time and attention required for the estimation, 
we tried a number of modifications of the method. At first we 
attempted to find a bath which when boihng would bring the solu- 
tion to be titrated to the boiling point in one minute and ten 
seconds. A salt solution boiling at 110° will accomplish this, , 
but the salt crystallizes and the water evaporates, and it is diffi- 
cult to maintain the boiling point of the bath constant. We 
then tried placing the flasks in baths of glycerin, sand, or oil 
heated above 100° and regulated by a thermoregulator. In 
using these flasks the actual time the flasks were immersed in the 
bath was noted. No notice of the exact moment that the solu- 
tion began to boil was taken, since it is presumable that this is a 
constant interval under these conditions. Russian White Oil 
was found to be the most satisfactory bath, since it may be heated 
to 140° without suffering any change. However, at this tempera- 
ture, because of its low specific heat, solutions immersed in it will 
not boil in less than two minutes. By experiment it was deter- 
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mined that on leaving a flask in such a bath at 140° for five minutes, 
a reduction similar to that obtained by Bang’s original method is 
obtained. 

By placing the flasks in a large oil bath at internals of a few 
minutes, it is possible to make a number of determinations in a 
comparatively short time. The greatest care must be taken to 
remove the flasks exactly at the end of the five minute period, and 
to close the rubber tubes guarding the neck at the same moment 
so as to prevent the entrance of air into the flask. The flasks 
are then placed in cold water and cooled rapidly, after which the 
vacuum, resulting from the condensation of the steam, is reduced 
i)y allowing CO5 to enter. To accomplish the latter without al- 
lowing anj' oxj'gen to enter requires that, at the moment the clamp 
is released, the tube guarding the neck of the flask must be tightly 
attached to a gasometer from which CO2 is flowing. The flask 
is then quickly removed and the titration is done in an atmosphere 
of CO2. If there is the slightest evidence that air has obtained 
entrance into the flasks the result must be discarded since experi- 
ence shows that the slightest trace of oxygen will oxidize some of 
the reduced copper of the solution. The chief drawback to Bang’s 
method, besides its comparative complexity, is the extraordinarj' 
readiness 'with which the reduced copper becomes oxidized. 

Since the method and time of heating are changed, the table 
prepared by Bang for his method is not of service, and a ne-w one 
should be made. We were, however, able to confirm Bang’s 
statement that the amount of reduction of the copper is, 'within 
certain limits, almost directly proportional to the amount of 
de.vtrose present in the solution. For example, he found that a 
factor could be used which represents the number of mg. of dex- 
trose corresponding to 1 cc. of iodine solution. He found that 
t is factor was almost constant between approximately 0.1 and 
1-5 mg. of sugar. We found that it ■was best to determine this 

gure for each series of estimations by determining the iodine 
' a ue of a sugar solution of known strength. From this number 
^'e could obtain the factor. In the case of the experiment sho'wn 
® table it is seen that each 0.1 mg. of sugar equaled about 

- cc. of iodine solution. The calculated value from the blank 
"■as 0.45. 

Ssmee we have a series of experiments, which -will be reported 
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in the near future, in which the above method was used, I will 
briefly describe the method in detail. 

Tw'o cc, of blood are added to 19 cc. of water. 10 cc. of dialj-zed 
iron and 1 cc. of saturated sodium sulphate solution are now added 
and the solution is filtered. 2 cc. of the clear filtrate are taken for 
estimation by the modified Bang method. This is treated witli 
10 cc. of saturated solution of potassium chloride and 1 cc. of Bang 
copper solution, in a 25 cc. Jena flask, on the neck of which a rubber 
tube is drawn. The flask is placed in an oil bath heated to 140° C. 
and left there for exactly five minutes. At the end of this period 
the rubber tube is clamped off wdth a hemostat. Wlien cool, 
CO 2 is introduced to fill the vacuum which has been made by the 
condensation of the steam, and the solution is titrated in an at- 
mosphere of COo with TTir iodine solution, starch being used as 
an indicator. A solution made up with pure water in place of 
sugar solution will give a reduction equal to 0.2 cc. of iodine. 
For tliis reason 0.2 cc. is subtracted from all titration results. 

The value of the iodine in terms of sugar is obtained before 
each series of titrations by the method above outlined. 

The following results were obtained in an e.xperiment in whicli 
known amounts of sugar were added to blood samples and the 
total sugar content of the blood was then determined. This 
experiment is typical of a series of eight similar ones which were 
done to determine the accuracy of the method. 

The following table gives the average results of three titrations 
on the same sample. 


Sample. 

Sugar 0.395 
per cent. 

iodine, 
averase 3 
titrations. 

Dcxtro-^c 

found.* 

Pextroso 

calculated. 

Actual 

difTorcnce. 

DiCCercticc. 


cc. 

CC. 

mff. 

mg. 

mg. 

per ceni 

I 

0 

1.10 

0.242 

■Ea 

0 


II 

1 

I.2S 

0.2S1 


o.ois 

c.s 

III 

3 

1 .45 

0.319 

WSSM 

0.014 

5.4 

ly 

5 

1.74 

0.3S2 

0.347 

0.035 

10.0 

V 

7 

1.9G 

0.421 

0.3S9 

0.032 

S.2 


9 

2.25 

0.495 

0.431 

0.064 

14.0 


* In order to get the per cent of sugar in the blood, multip'iy the nuni- 
ber of mg. de.xtrose found by S, as the solution estimated represents onc- 
eighth cc. of blood. Thus, Sample 1 contains 0.193 per cent dextrose. 
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Duplicate analyses of the same sample of blood are surprisingly 
close together, as the follo\ring figures indicate- These represent 
the actual mg. of dextrose found in one-eighth cc. of blood. 

A. B. 

206 210 

19S 192 

195 192 

The error from these figures is seen to be about 6 per cent. 

The e.xtreme care necessarj' at each step, the delicacy of the 
reduced copper to the presence of o.xj'gen, and the variations 
which slight changes in temperature cause, all contribute to ren- 
der the above method unsatisfactorj'. It was with pleasure that 
we turned to the blood sugar method recently proposed by Lewis 
and Benedict,’ which we have found to bear out all the claims 
which its authors make for it. We have used the method in our 
laboratorj' for the past six months and have found it to be veiy* 
reliable. 

The method in short consists in diluting 2 cc. of blood with S cc.of 
water and 15 cc. of concentrated picric acid. The blood proteins separate 
out, and after filtering, 8 cc. of the filtrate are treated n ith 2 cc, of con- 
centrated picric acid and 1 cc. of 10 per cent sodium carbonate solution, 
and the mi.vture is evaporated over a free flame in a Jena test-tube to small 
volume or until a precipitate forms. A little water is added and the solu- 
tion again brought to the boiling point; the contents of the tube are trans- 
ferred to a 10 cc. measuring flask, and after being made up to volume, the 
solution is filtered and compared in a Duboscq colorimeter with a standard 
picraraic acid solution, which is made to correspond to the color produced 
by 0.64 mg. of de.vtrose under the above conditions. 

The method, while verj" well adapted to making analj-sis in a 
limited series of bloods, requires a great deal of patience and time 
for the evaporating of the 11 cc. of fluid down to the point required, 
without losing a little from the ebullitions or from shaldng. From 
ten to fifteen minutes are required for this process if extreme 
accuracy is desired. If one tries to hurry' by heating with a hotter 
flame and by more violent shaldng, some of the fluid is likely 
to be lost , as can be shown by placing a piece of filter paper loosely 

’ Lewis, R. C., and Benedict, S. R., A method for the estimation of 
sugar m small quantities of blood, Jour, Biol. Chem., 1915, sx, 61. 


c. 

D. 

195 

230 

193 

204 

19S 

210 
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over the top of the tube. A device which would permit a large 
niunber of tubes to be heated, at once would make the method of 
far greater use for the routine examinations of a large number of 
bloods. 

In seeking means by which to avoid the heating by hand over 
a free flame, many methods were tried, such as the use of oil 
baths at varying temperatures, sand baths, electric hot plates, 
etc., but without success. Either the solutions evaporated too 
slowly and became cloudy, or evaporations occurred so rapidly 
that the reaction was not completed, and readings that were too 
small were recorded for the sugar. The only method which gave 
uniform results was that recommended by the authors of tlie 
method. The foregoing observations indicate that the reaction 
requires a certain time at a certain temperature to complete it- 
self. This suggested the possibility that it would take place if 
the boiling point of the liquid were raised. To accomplish this 
the tubes were placed in an autoclave and heated under a pressure 
of 2.5 l<g. per sq. cm. for fifteen to thirty minute periods. Since 
the procedure does not entail any evaporation, it was found con- 
venient to use 6 cc. of the filtrate in place of 8 cc. This amount 
is, under normal conditions, sufiicient to give a fair reading in 
the colorimeter. After the autoclaving, the solutions were 
made up to 10 cc. in a measuring flask and compared with the 
standard. These solutions showed 75 per cent of the sugar con- 
tained in the tubes made up vdth 8 cc. of the blood filtrate, and 
in eveiy case checked with estimations made in the original 
manner. The standard solution of picramic acid recommended 
by Benedict and Lewis may be diluted one-foui’th, and the read- 
ings may then be made direct. 

The use of the autoclave is of distinct advantage not alone 
because it allows a large number of estimations to be made at 
one time, but also because all danger of loss of fluid during the 
period of heating is removed, and the accuracy of the method is 
thus increased. 

I have by this method prepared and estimated as many as forty 
samples of blood in the course of an afternoon. This entails 
eighty estimations, counting controls. This number is far in 
excess of that possible by the former method of heating over a 
free flame. 
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Another point which is of aid in obtaining perfectly relative 
readings of a large number of sugars is to compare all the c^i- 
inations with the first of the series in place of comparing with 
the standard solution in each case. The color of the standard 
solution, since it contains no unchanged picric acid, is a little 
different from that obtained by the actual estimation of sugar and 
cannot be so easily matched with the reduced picric acid solution. 
By estimating the strength of the first one of the series against 
the picramic acid standard, which can be done within a very small 
error, and then using this one as the standard for the others, al- 
most absolute comparative readings of the rest of the series are 
obtained. 

Most accurate reading of the colorimeter can be obtained 
when the color intensity of the unknown is less than or nearly 
equal to that of the standard picramic acid solution. That this 
is mathematically true is seen by reference to the parabolic curve 
(Fig. 1). The ordinates represent the divisions on the colorimeter 
scale, and the figures on the abscissae the percentile strength of 
the unknown solution as determined by matching the unknown with 
the intensity of color obtained on immersing the colorimeter tube 
in the standard solution to 10 or 15 on the scale. It is seen that 
the dirisions of the vernier progressively decrease in value in cases 
when the solutions are weaker than the standard, as is shown by 
the fact that the curve is here most steep, whereas with stronger 
solutions each di-vdsion becomes progressively more and more 
important, the curve here rapidly becoming flat. 

I ha%'e found cun'’es of the above type, made to represent the 
relation of the unknown to the standard when the latter is set at 
10 and at 15 in the colorimeter, of great convenience in rapidly 
determining the value of the solutions in terms of sugar. One 
simply reads the scale and vernier of the unknown when the 
standard is set at 10 or 15, and then determines on the curve the 
per cent of strength of the unknown in terms of the standard 
which corresponds to this reading. When many solutions are to 
be tested much calculation is thereby saved. 

The exact details of the method as we have used it are as fol- 
lows; 2 cc. of blood are added to 8 cc. of water in a test-tube, and 
15 cc. of concentrated picric acid solution are then added after 
the blood is thoroughly laked. The mi.xture is then filtered. 
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6 cc. of the filtrate are then introduced into a test-tube, and 2 cc. 
of concentrated picric acid and 1 cc. of 10 per cent sodium car- 
bonate solution added; the tube is then placed in an autoclave 
and heated for fifteen to thirty minutes at a pressure of 2.5 kg. 
per sq. cm. (20 pounds to the square inch is sufficient). The tube 
is then removed, cooled, and the solution made up to 10 cc. in a 
measuring flask. The solution is then compared with the stand- 
ard in the colorimeter. The standard recommended bj"- Lewis 



Fig. 1. Curves which show the amount of de.\trose in terms of a standard 
solution as determined by the Lewis-Benedict blood sugar method. 

and Benedict may be diluted one-fourth or allowed for by cal- 
culation, since 6 cc. of filtrate are used in place of 8 cc. 

We have been able to confirm the claims of the authors of the 
method for its accuracy, as the following figures will show. 
Measured quantities of a 0.1 per cent dextrose solution (accurately 
made up by weight, and, as tested with Bertrand’s sugar method, 
shown to be approximately correct) were estimated both by the 
method as outlined by Lewis and Benedict and by the modificfl 



R. G. Pearce 


533 


method of heating proposed above. The following data give the 
results. 


Dextrose by Treigbt 


Sugar estimated. 
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The poisonous influence of various substances towards enzymes 
has been largely investigated during the past few years. Certain 
substances are known which are so highly poisonous that, even in 
e.xceedingly small concentrations, they are capable of retarding or 
destroying the action of different enzymes. The poisonous action 
of a number of substances on the catalase of the blood has been 
investigated by Senter.l During recent years, Bredig and his 
pupils have shown that many of the enzymic poisons are also 
capable of inhibiting the action of certain inorganic catalysts. 
The similarity in effect of a number of different poisons on in- 
organic catalysts and enzymes is illustrated in Table I, in which 
is shown the concentration of the different poisons that is neces- 
sarj’- to destroy entirely the catalytic action of colloidal platinum^ 
and of catalase® on hydrogen peroxide. 

Our previous work has shown* that the liver and other organs 
of the vertebrata contain a reducing enzyme reductase; and 
attempts to isolate it have indicated® that its activity is con- 
siderably retarded by contact with foreign substances. It seemed 


* Senter, G., Ztschr. f. ■physikal. Chem., 1903, xliv, 257. 

’ Bredig, G., and Bemeck, R. M. v., ibid., 1899, xssi, 258. 

’ Senter, loc. cit. 

‘ Harris, D. F., and Creighton, H. J. M., Proc. Roy. Soc., Series B, 
Ixxxv, 487; Jour. Biol. Chem., 1915, xx, 179, 

‘ Harris and Creighton, Biochem. Jour., 1914, viii, 585. 
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TABLE I. 


Poison. 

Colloidal platinum. 

Catalase. 

HsS 

1 

300,000 molar 

1 : 1,000,000 molar. 

HCN 

1 

20,000,000 “ 

1:1,000,000 

HgCb 

1 

2,000,000 " 

1 : 2,000,000 

Hg(CNh 

1 

200,000 " 

1 ; 300 

I in Id 

1 

5,000,000 “ 

1: 50,000 " 

NHs(OH)HCl 

1 

25,000 “ 

1 : 80,000 “ 

CeHcNH. 

1 

5,000 " 

1 : 40,000 " 

AS2O3 

1 

50 " 

1: 2,000 

HCl 

1 

3,000 “ 

1: 100,000 " 

NHiCl 

1 

2,000 " 

1: 1,000 “ 

HNO, 

No paralysis 

1: 250,000 

CO 

Very poisonous 

No paralysis. 


desirable to extend these observations to include the possible 
action of organic poisons on reductase. Several well known, 
powerful, alkaloidal and narcotic poisons have been studied with 
a view of determining whether their toxicity towards reductase 
was in any way comparable with their toxicity towards living 
matter itself. It seemed of interest to know whether, if these 
substances were poisonous for reductase, their dosage in this 
connection was comparable with the dosage fatal to the entire 
animal. For this purpose the reductase contained in cat liver 
juice and brain juice w'as employed, being prepared in the manner 
previously described.® 

The action of the foreign substances on reductase was measured 
by determining the difference between the time required for the 
reduction of oxyhemoglobin to the one-banded condition by pure 
liver or other juice, and by juice containing some of the foreign 
substance with which it had been in contact for a definite time. 
The progress of the reduction was followed by the spectroscopic 
method previously described.^ In the experiments, 1 cc. of fresh 
liver juice and 1 cc. of an aqueous solution of the poison were 
allowed to remain in contact for ten minutes, at the end of which 
time 2 cc. of blood solution (prepared by diluting 10 cc. of cat’s 
freshly defibrinated blood to 250 cc. with distilled water) were 
added and the mixture was introduced into narrow, conical, glass 

‘ Harris and Creighton, Jour. Biol. Chem., 1915, xx, 179. 

•Harris and Creighton, ibid., 1915, xx, 181. 
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observing tubes which were then placed in a thermostat at 40°. 
The spectrum of these mixtures was examined everj' half minute. 
The times required for the reduction at 40° by liver juice which 
contained foreign substances were compared with the time re- 
quired for the reduction, at the same temperature, of a normal 
mixture containing 1 cc. of liver juice, 1 cc. of distilled water, and 
2 cc. of the blood solution. The results of the action of a number 
of pure alkaloids are given in Table II. The times required for 
the reductions recorded in the following tables represent the mean 
of at least two experiments which seldom differed by more than a 
few per cent. 

TABLE II. 

4-5 Minutes Required for Reduction of Normal Mixture, 


Nicotine... 
Cocaine.... 
Morphine. . 
Strychnine 
Aconitine. . 
Atropine. . . 


Time in minutes required for the reduction of mix- 
tures contnmiDg I cc. of firw juice, 2 cc. of blood 
solution, nnd \ cc. o! an aqueous solution o! the 
Poison. poison having a normal concentration of 



On account of the extreme insolubility of these alkaloids in 
water, it was not possible to employ concentrations higher than 
0.001 normal, except with nicotine. It was deemed advisable, 
therefore, to investigate the action of solutions of salts of these 
alkaloids on the activity of reductase. In addition to the action 
of salts of the foregoing alkaloids, the influence of hyoscine hydro- 
bromide, over a large range of concentrations, has been determined. 
The results obtained are recorded in Tables III and IV. 

Owing to the fact that so many of the alkaloidal poisons are 
narcotics, that is, act specifically on the central nervous system, 
it was thought advisable to carry out a parallel series of experi- 
ments, substituting brain juice for liver juice. The brain juice 
was obtained by grinding with sand in a mortar the cortex cerebri 
of a large cat with the addition of 20 cc. of 0.9 per cent sodium 
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TABLE III. 

Poison: Hyoscinc Hydrohromide. 

4.S Minutes Required for Reduction of Normal Mixture. 


Coi\cci\traUoT:\. 1 

1 

Time required for the reduction of mixtures 
containing 1 cc. of liver juice, 2 cc. of blood 
solution, and 1 cc. of an aqueous solution of 
the poison. 


fnin. 

0.1 normal 

5.5 

0.05 

6.5 

0.02 " 

7.5 

0.01 

6.5 

0.001 

4.0 

0.00017 “ 

3.5 

0.0001 

3^5 

0.00001 " 

' 4.5 


TABLE IV. 


4.5 Minutes Required for Reduction of Normal Mixture. 


Poison. 


Time in minutes required for the reduction of mixtures 
containing Icc. of lifter juice, 2 cc. of blood solution, 
and 1 cc. of an aqueous solution of the poison having a 
normal concentration of 


1 

0.1 

0.02 

0.01 

0.001 

0.0061 

0.00001 


min. 

min. 

min. 

mii>. 

min. 

min* 

Hyoscinc liydrobromide. . . . 

5.5 

7.5 

6.5 j 

4.0 

3.5 

4.5 

Cocaine hydrochloride 

5.5 

S.O 

S.5 

10.0 

4.5 

— 

Morphine sulphate 

G.O 

7.0 

7.5 

6.5 

7.5 


Atropine sulphate 

S.O 

G.O 

6.5 

— 

— 

D 

Strychnine sulphate 

Destroj's 

blood 

S.O 

6.0 

6.5 

6.5 

■ 

Quinine hydrochloride 

— 

11.0 

9.0 

S.O 

9.0 

6 0 

Caffeine citrate 

Destroys 

blood 

25.0 

24.5 

12.5 

10.0 

9.0 

Alcohol 

10.0 

— 

10.0 

— 

9.0 

— 

Ether 

— 

5.0 

— 

mi 

— 

— 

Chloroform 

1 

10.0 

! 


S.O 

7.0 


chloride to the pulp so as to give a mixture which could be squeezed 
through cheese-cloth. In this way a remarkably homogeneous 
juice was obtained, of which 1 cc. plus 1 cc. of distilled water 
completely reduced 2 cc. of the blood solution in six and one-half 
minutes. The results of observations of the action of a number 
of different poisons on brain juice are recorded in Table V. 
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TABLE V. 


6.5 Minitlcs Required for Reduction of Normal Mixture. 


Poison. 

Time in minutes required for the reduc- 
tion of mixtures containing 1 cc. of 
train Juice, 2 cc. of blood solution, and 
1 cc. of an aqueous solution o! the 
poison having a normal concentration 
of 


0.1 

0.05 

0.001 

0.00001 


min. 

min. 

min. 

min. 

Hyoscine hydrobromide 

9.5 

— 

— 


Morphine sulphate 

13.0 

— 

— 


Aconitine 

— 

— 

9.Q 


Caffeine citrate 

Alcohol 

Destroys 

blood 

11.5 

■ 

13.0 

12.0 

Ether 



13.0 


13.5 

Chloroform. . . 

— 

22.0 

u 

12.0 


In a previous communication,^ it has been shown that certain 
inorganic substances also exert a poisonous action on reductase. 


TABLE 

10 Minutes Required for Reduction of Normal Mixture. 



Poison. 

Time in minutes required for the reduction of 
mixtures containing 1 cc. of liver juice, 2 cc. 
of blood solution, and 1 cc. of an aqueous 
solution of the poison having a molar corron- 
tralioD of 



O.OI 

0.1 

AsjO,... 

min. 

mtn. 

kcn... 



Hga, 


o4 

Destroys blood. 

hia^AsOj 


AnCI,... 


Destroj’^s blood. 

OsOj 


16 

MnCl.. . . 


19 

XH,Br 


25 

HCHO 


13 

XH,C1 


48 



9 


» Harris and Creighton, Biochem. Jour.. 1914, viii, oSo. 
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For the purpose of comparison the data obtained for a number of 
these poisons are given in Table VI. 

Of the highly poisonous salts of the alkaloids hyoscine, cocaine, 
morphine, atropine, strychnine, only one, cocaine (0.001 normal), 
succeeded in doubling the time of reduction of oxyhemoglobin 
by hepatic reductase. The inference derivable from a survey of 
Tables II and IV is that the toxicity of the alkaloids examined is 
not directed preeminentlj'' against the reducing enzymic factor in 
the internal respiration of the tissues;® for in the end there is 
reductioh, although after periods of var 3 dng length of retai'dation. 
These deadly alkaloidal poisons are not poisons of enzymes in 
the same sense that thej'' are poisons of living protoplasm. In 
no case was the ultimate complete reduction of oxjdiemoglobin to 
reduced hemoglobin prevented, even by the deadliest alkaloid 
or its salt. Our observations are in general agreement with the 
conclusions reached by Bywaters and Waller in 1910, after in- 
vestigating the action of the powerful protoplasmic poison aconi- 
tine.^® These observers found that the aconitine had no action 
on ptyalin as measured by the saccharification of starch. Using 
0.01, 0.001, and 0.00001 normal solutions of the alkaloid, they 
could discover no inhibition of the enzyme even after twelve 
hours’ contact. In Table V it will be noticed, that when the 
reductase of cortex cerebri reduced oxyhemoglobin to the one- 
banded pigment in six and one-half minutes, 0.001 normal aconi- 
tine lengthened the time only to nine and 0.00001 normal to eight 
and one-half minutes. Now this is strictly not a toxic action at 
all; it is more accurately merely one of retardation. The same is 
true of hyoscine hydrobromide and morphine sulphate, the 
latter in each of two concentrations (0.1 and 0.00001 normal) 
just doubling the time of complete reduction. We therefore 
agree with Waller in distinguishing between poisons for proto- 
plasm and poisons for enzymes. When we say, “alkaloids are 
deadly poisons,” we mean for living protoplasm itself and not for 
its products, whether these products be secretion enzymes (like 
ptyalin, invertase, etc.) or endo-enzymes like reductase. The 
marked difference between the action of poisons and drugs on 
living matter and on enzj>'mes may be further illustrated by the 

’ Harris and Creighton, Science Progress, 1915, xxxvii, 50. 

>0 Bjnvaters, H. W., and Waller, A. D., Proc. Physiol. Soc., 1910, p. xlv. 
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Mowing table'' where the poisons are arranged in the relative 
order of their toxicity on isolated frog muscle, aconitine being 


taken as 1000; 

TABLE \TI. 




1000.00 



100.00 



33.00 



18.00 



12.00 



6.00 



0.72 

Alcohol 


0.06 


Now this is very clearly by no means even approximately the 
state of matters as regards the action of these substances on the 
reductase of the liver. From Tables III and IV we see that if 
caSeine citrate is eliminated as the most toxic, then quinine 
hydrochloride, nicotine, chloroform, ether, and alcohol are all 
more or less in the same gyoup as regards their retarding power 
on the activity of reductase. Table V shows the same thing in 
terms of the retardation of reductase from the cortex cerebri; 
thus for 0.00001 normal concentration, the figures for all poi- 
sons used are remarkably constant. Aconitine and hyoscine 
hydrobromide are actually the least poisonous (eight and one-half 
and nine and one-half minutes respectively), while morphine, 
alcohol, chloroform, and ether have practically the same amount 
of inhibiting effect on neural reductase. The powerful poisons 
aconitine and hyoscine hydrobromide are deadly for protoplasm, 
but comparatively innocuous for reductase. 

When we turn from the alkaloidal poisons proper to consider 
such narcotics as alcohol, ether, and chloroform, we find that, as 
measured by the time they delay reduction by reductase from the 
central nervous system, they are actually more toxic than are 
the alkaloids. Thus, whereas the deadly hyoscine hydrobromide 
(0.1 normal) delayed reduction to nine and one-half minutes, 
six and one-half minutes being the normal, alcohol having one-half 
that concentration (0.05 normal) prolonged it to eleven and one- 
half mmutes, ether (0.05 normal) delayed it to thirteen and one- 
half minutes, and chloroform of this strength prolonged the time 

<■ Waller, A. D., Physiologj- tbe Servant of Medicine, London, 1910, 93. 
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to twenty-two minutes. Thus if onty the enzjnne of internal 
respiration of the cortex cerebri be considered, alcohol, ether, and 
chloroform are more poisonous to that phase of metabolism than 
are such powerful poisons as hyoscine hydrobromide, morphine 
sulphate, and aconitine. Waller states'- that as tested on muscle, 
one molecule of aconitine is one hundred times as toxic as a mole- 
cule of chloroform. No such difference obtains when these poi- 
sons are exhibited to neural reductase. The deadliest of narcotic 
alkaloids must, therefore, be directed against some constituent 
of the neural vital machinery other than its reductase. 

Our observations contribute additional data as to the more 
poisonous character of chloroform as compared rvith ether, for 
chloroform was found markedly to inhibit the activity of reductase, 
while ether (0.02 normal) scarcelj'’ inhibited the action of liver re- 
ductase at all. Ether only increased the time of reduction by 
half a minute, while chloroform of the same strength increased 
it by five and one-half minutes or by a period eleven times as long. 
Again, whereas 0.1 normal alcohol delayed the time of reduction 
to ten minutes, chloroform five times as weak (0.02 normal) was 
able to prolong the reduction to the same time; judged by this, 
chloroform would be five times as poisonous as alcohol. Alcohol 
(0.01 normal) delajmd reduction to ten minutes, while chloroform 
ten times as dilute (0.001 normal) dela 3 '’ed it to nine minutes or 
onl}'- one minute less. The greater toxicity of chloroform as com- 
pared with that of both alcohol and ether on liver reductase is 
veiy clearly brought out in these observations. The greater 
toxicity of chloroform compared vdth ether on the frog’s isolated 
non-medullated nerve was conclusiveh’' shown b}"- Waller'^ in 1897. 
Using electrical responses to single induction shocks, he demon- 
strated that whereas nerve could recover after treatment with 
the vapor of ether, it could not do so after being similarly treated 
with chloroform vapor. Chloroform, whether judged by its 
action on the protoplasm of the entire animal or bj^ its action 
on the endo-enz 3 ane reductase, is eonsiderabh' more toxic than 
either ether or alcohol. 


Waller, loc. cit., 51. 

” Waller, Lectures on Physiology, First Scries, On Animal Electricity, 
London, 1897, 23. 
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It should be pointed out that the concentrations of the poisons 
employed in most of the experiments were of an order verj' much 
higher than would be attained b 3 ' the maximum dose of these in 
the circulating blood. To take a definite case; The maximum 
single dose of hjmscine hj^drobromide is 0.0006 gram. This 
distributed through 3 liters of blood would give 0.0000002 gram of 
poison per 1 cc. of blood. In the experiments described above, 
the mixtures contained 1 cc. of juice, 1 cc, of an aqueous solution 
of poison, and 2 cc. of diluted blood; i.c., 1 cc. of poison to 4 cc. 
of fluid. In those e.xperiments where 0.1 normal h 5 mscine hj'dro- 
bromide was used, each cc. of the mixture contained 0.01095 
gram of the poison; while where the most dilute hyoscine hj'dro- 
bromide solution (0.00001 normal) was emplojmd, each cc. of 
the mixture contained 0.000001095 gram of the alkaloid. This 
latter quantitj' is about five times as strong as the concentration 
in the blood of the maximum dose of hyoscine hj'drobroraide. 
Therefore, since 0.00001 nonnal hyoscine hydrobromide (Table 
I^0 has no inhibitoiy action on hepatic reductase, it is to be pre- 
sumed that this poison at its maximum dosage in the blood does 
not affect the inspirator}' phase of tissue respiration; its “deadly” 
power must be directed towards some other aspect of the meta- 
ijolie cycle. 

The last feature of these poisons to which we wish to draw 
attention is one which has been remarked on by previous workers, 
for instance, Yemon who mites’* of the “non-dependence of toxic 
effect upon concentration.” Referring to Table IV, it is found 
that both 0.1 and 0.001 normal morphine sulphate delayed re- 
duction for practically the same time, six and six and one-half 
mmutes. respectively. Again, whereas 0.02 normal str}'chnine 
sulphate prolonged the time of reduction to eight mmutes, 0.0001 
nonnal concentration of the poison prolonged it to six and one- 
half minutes, or one and one-half minutes less for a solution turn 
hundred times as dilute. The figures for chloroform in this con- 
nection are veiy interesting: A concentration of 0.02 normal 
prolonged the time of reduction to ten minutes, one of 0.001 nor- 
mal to nine minutes, one of 0.0001 normal to eight minutes, while 
a solution as weak as 0.00001 normal actuaUy delayed reduction 

» Vernon, H. M., Jour. Physiol., 1909-10, xxxix, 157. 
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to as much as seven minutes when the normal mixture required 
four and one-half minutes. The figures for ether are still more 
striking, for exactly the same time, five minutes, was required for 
reduction in the presence of both 0.02 and 0.001 nonnal con- 
centrations of the poison. Without doubt our observations con- 
tribute additional evidence in support of the belief that toxicity 
is to some extent independent of the concentration of the poison, 
as though a little dust in the cog-wheels of the vital machinery 
was as effective as coarser grit in compromising the perfection of 
the working of the constituent parts. 

In certain cases it was actually found that a particular con- 
centration of the poison inhibited reductase more powerfully 
than did a stronger solution. This is seen in the case of the salts 
of hyoscine, cocaine, morphine, and atropine. Thus 0.02 normal 
hyoseme hydrobromide delayed reduction for two minutes longer 
than a 0.1 normal solution, and 0.02 cocaine hydrochloride de- 
layed reduction for two and one-half minutes longer than did a 
0.1 normal solution of the poison. In the case of the salts of co- 
caine and mol'phine (Table IV) the 0.01 normal concentration 
delayed reduction for half a minute longer than did the 0.02 
nbi’mal solution. Where the difference between two times is 
only half a minute, we do not naturally lay any stress on it, as 
thirty seconds may well represent the time error in judging of the 

end-point in the spectroscopic method; nevertheless the phenom- 
enon of a higher dilution apparently inhibiting reduction more 
perfectly than a more concentrated solution has occurred so 
frequently that we have been forced to take notice of it. Possibly 
the increase in the ionization of the salts of the alkaloids may be a 
factor in determining this result. We would point out that this 
phenomenon was observed amongst the more virulent poisons 
only'’, and was not met with in quinine, caffeine, alcohol, ether, 
or chloroform. Indeed, caffeine citrate gave what might be called 
a tj'^pical set of readings, each decreasing concentration inhibiting 
reductase for a shorter time than the dilution immediately pre- 
ceding it in the series. 

In conclusion it should be pointed out that of the inorganic 
poisons previously studied (Table VI), the most deadly to the 
organism are also those which delay to the greatest extent the 
action of reductase, namely mercuric chloride, potassium cyanide, 
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arsenious acid, and formaldehyde; as has already been pointed 
out, this similarity of action is not also true of the alkaloidal 
narcotics. 

SUMMABr. 

1. The influence of various poisonous substances (alkaloids 
including caffeine and alcohol, ether, and chloroform) in pro- 
longing the time required by reductase derived from (a) liver 
(cat) and (b) cortex cerebri (cat) completely to reduce oxyhem- 
oglobin has been studied by a method already described. 

2. Substances which are known to be rapidly fatal to animals 
and which depress the vitality of isolated tissues (nerves, muscles, 
heart, etc.), that is, which are deadly protoplasmic poisons, are not 
poisons in the same sense for reductase from liver or from brain. 

3. The relative order of toxicitj' (molecular toxicity) of a 
number of typical protoplasmic poisons is quite different from that 
of the same substances as tested by their powers of inhibiting 
reductase. 

4. Substances which are virulent poisons to protoplasm {e.g., 
aconitine and hyoscine hydrobromide) inhibit reductase no more 
effectively than substances very much less poisonous to proto- 
plasm [e.g., caffeine citrate and alcohol). 

5. The poisonous deadly power possessed by the narcotic alka- 
loids would seem to be exerted against some physiological activity 
of the cellular metabolism other than the inspiratory phase of 
tissue respiration (action of reductase). 

6. Our observations fully confirm the belief that chloroform is 
considerably more toxic than ether or alcohol. Chloroform, 
unlike certain substances usually regarded as more poisonous, 
inhibits reductase much more effectively than they. 

/. We would point out the convenience of the method used in 
this and preceding investigations on reductase, as one whereby 
the action of poisons or drugs on one phase of metabolism can be 
studied in cases where the injection of poison into the intact 
animal could not yield the precise information desired. 


The expenses of this research were met by a grant to one of i 

(D. F. H.) from the Royal Society which is hereby grateful 
acknowledged. 




QUANTITATIVE STUDIES ON THE IN VIVO ABSORPTION 
OF IODINE BY DOGS’ THYROID GLANDS. 

Bt DAVID RIAMNE. 

(From the H. K. Cvshing Lahoralory of Experimental Medicine, Western 
Reserve Universily, Cleveland.') 

(Received for publication, August 26, 1915.) 

It is common knowledge that iodine is taken up by the thjToid 
very rapidly when administered in any form and by any method. 
It is also known that the amounts taken up from a given intake 
vaiy^ with the size of the gland and the existing degree of hj'per- 
plasia. These are statements of fact to the best of our knowl- 
edge, but they are also vague generalizations and on that account 
neither satisfying nor convincing. It is for these reasons that 
criticisms and doubts have been expressed, and it is for the pur- 
pose of supplying definite figures that the following experiments, 
though somewhat old, are reported. 

The plan of the experiments was as follows: With the usual 
aseptic precautions one lobe was removed, cleaned, and weighed. 
A weighed portion was kept for histological examination, and the 
remainder dried at 70° for the determination of its iodine content. 
50 mg. of either potassium iodide or sodium iodide were given in 
5 mg. doses by mouth for the following ten days; then, after an 
interval varying from five to eight days, the remaining lobe was 
removed, cleaned, drained of blood, and weighed. A weighed 
portion was kept for histological examination and the remainder 
dried for iodine determination. 

Six experiments have the above mentioned constant features, 
and the principal data are tabulated on the following page. 

As regards weight of the animals and size of the thyroid lobes, 
there is fairly wide range between minimum and maximum. 
So also as regards sex and age the data are sufficient to indicate 
that no important change is related to these factors. 

The histological condition of the control lobes includes examples 
of our three arbitrary divisions of the several degrees of hyper- 
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plasia. It will be noted that with the exception of one (A-285), 
the second lobe was completely involuted to its colloid or resting 
- stage. This exception happens to be the fifteen day or shortest 
interval between the administration of iodine and the removal 
of the lobe, as well as the largest thj’Toid. As the iodine content 
per gram is much above that at which hyperplasia disappears, 
it indicates that the interval of time allowed was a little short of 


TABLE. 


Experiment No. 

O 

"O 

*o 

e> 

n 

'd 

a 

a 

6) 

tn 

< 

Weight of dog. 

Thyroid control lobe or 
iodized lobe. 

Time interval between 
removal of control 
and iodized lobes. 

Weight of lobe. 

Histological condition. 

T3 

O 

'C 

'o 

B 

u 

u 

o 

.S 

tsTIi 

o 

Total amount of KI or 
NaT administered. 
(10 days.) 

Total iodine in lobe. 

Ratio of thyroid weight 
to body weight. 

Total iodino found in I 
iodized lobe. ' 

A289 

^ mos. 

9 

Iff. 

5 0 

Control 

Iodized 

dai/s 

IG 

fftn. 

5 I 

6 1 

Marked 

hyperplasia 

Colloid 

mg. 

0 OS 

4 00 

vig, 

50.0 KI 

mg. 

0.10 

6.10 

1:980 

per 

cent 

16.0 

A274 

Young 

9.0 

Control 

18 

2.5 

Moderate 

0.15 

50 0 Nal 

0.10 

1:4500 

5.6 


adult 





hyperplasia 







9 


Iodized 


2 0 

Colloid 

5 57 


2.48 



A285 

Young 

7.75 

Control 

15 

9 5 

Moderate 

0 32 

50 0 Nal 

0.76 

1:687 

18.5 


adult 





hyperplasia 







9 


Iodized 


11 28 

Colloid<;arly 

2 85 


8 54 



A2S6 

Middle 

m 

Control 

16 

8 0 

Moderate 

0 14 

50 0 KI 

0.18 

1:1641 

10.2 


aged 

m 




hyperplasia 







o’ 

■ 

Iodized 


5 3 

Colloid 

3 07 


4 05 



A2S7 

Middle 

10 0 

Control 

IS 

2 5 

Early hyper- 

0 52 

50 0 KI 

0 27 

1:5000 

7.6 


aged 





pinsin 







9 


Iodized 


2 0 

Colloid 

4 90 


2.91 


9 

A2SS 

Middle 

14 0 

Control 

18 

3 0 


0 53 

50 0 Nal 

0 35 

1:3842 

m 


aged 










■ 


o' 


Iodized 


3 8 


3 85 


3.61 

■ 

1 


that necessary to complete the change. The usual variations in 
the iodine content of the control lobes in relation to the degree of 
hyperplasia are present. 

The variations in the size of the lobes are more marked than 
usual and show no constanejL In three the iodized lobes are 
larger and in the otliers the control lobes are larger. Tliese vari- 
ations illustrate one point often emphasized before, that, while 
iodine generall}^ causes a reduction in the size of the thyroid of 
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dogs, this is not necessarily the case — ^the necessary change is 
the involution. 

In figuring the ratio of thj’roid weight to body weight, ob\'iously 
the iodized lobe is used, while the body weights are those taken 
after the first operation. The iodine contents per gram of dried 
gland, both for the controls and the iodized lobes, are given in 
one column. There is considerable variation in the amount of 
iodine stored per gram of thyroid, with a bare suggestion that the 
smaller the gland, the higher its iodine content. As to the bio- 
logical significance of these variations, I have no suggestion. It 
is probably not a physical phenomenon. 

The gain in iodine is in aU cases very pronounced, and the 
figures obtained support the generalization that the thyroid has 
an extraordinary affinity for iodine up to the point of saturation, 
which is on the average between 5 and 6 mg. per gram of dried 
gland for dog thyroids. Passing to the total amoimts of iodine 
recovered, it is obvious that the amount varies with the size of the 
gland. This also has long been known, and merely indicates that 
with the amount of iodine and the time of its administration 
definite, and with other organs, especially the kidney, competing, 
the surface area for absorption is the largest factor. This feature 
is brought out more clearly in the ratios of thyroid weight to body 
weight and in the percentages of the total intake of iodine re- 
covered from the thyroid. In figuring these percentages, 50 mg. 
KI were figured as 38 mg. iodine, and 50 mg. Nal as 42 mg. 
iodine. 

Another factor than the size of the gland is concerned. Un- 
fortunately the series is too small to show it clearly, but it can be 
seen by comparing Experiment 289 with 285 and 286, that the 
more marked the hyperplasia or the lower the original iodine con- 
tent, the greater the quantity stored. The percentage stored from 
a definite intake would therefore vary with the size of the gland 
and its degree of hyperplasia. 

It should be added that the liver and spleen in each of these 
experiments were examined for iodine, but with uniformlj' nega- 
tive results. This wns to be expected, since the minimum iaterval 
between the last dose of iodine and the removal of the organs was 
five dal’s. 

It is recognized that the oral admimstration of such small 
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quantities of iodine, even when given in very dilute solution, is 
more likely to cause losses than when introduced parenterally. 
With dogs, however, only care is necessary to prevent losses, and 
absorption of the soluble salts of iodine from the alimentary tract 
is probably complete. 


CONCLUSIONS. 

These experiments emphasize the extraordinary affinity of the 
thyroid tissue for iodine. When one considers that as high as 
18.5 per cent of a given intake of iodine by mouth may be recovered 
from a thyroid whose ratio to the body weight is as 1:687, it stands 
alone at present among the specific affinities of tissues for inorganic 
substances. The results further emphasize the fact that maxi- 
mum thyroid effects are induced by minimum amounts of iodine. 
The amount of a given intake absorbed depends, for the most part, 
on the size of gland and the existing degree of hyperplasia or the 
degree of saturation with iodine at the time of its administration. 



THE NITROGEN EXCRETION OF THE CAT DURING A 
PURINE-FREE AND A PURINE-RICH DIET. 

Bt FEEDEEICK S. HAMMETT. 

{From the Biochemical Laioratories of the Harvard Medical School, Boston!) 

(Received for publication, August 26, 1915.) 

In view of the fact that cats are frequently used in studies in 
biochemistry it seems opportune for a report on an examination 
of the distribution of nitrogen among the nitrogenous constituents 
of cat urine, together with the effect of a purine-free and a purine- 
rich diet upon the excretion of uric acid. 

From the work of Mendel and Brown, ^ Ranger,- Wiechowsld,* 
and Hunter and Givens,^ it is well known that cats excrete but 
small amounts of uric acid, allantoin taking its place as the ex- 
cretory product of the purines. That this is not due to a non- 
production of uric acid by the cat tissues, but is due to a more 
complete oxidation of the preformed purines, is shown by the 
high amounts of uric acid found in the glandular tissues of the 
cat and the non-existence of uric acid in normal cat urine. The 
work of the investigators just mentioned is chiefly qualitative. 

All the analyses herein reported have been done according to the 
microchemical methods of Folin and his associates.® AH were 
made in duplicate on fresh urine. The urines represent total 
twenty-four hour quantities obtained at approximately the same 
time each day through gentle massage of the bladder. 

To determine if nitrogen equilibrimn could be obtained when 
the animal was allowed to choose the quantity of food ingested, 

' Mendel, L. B., andBrown, E. W., Am. Jour. Physiol., 1899-1900, iii, 261. 

* Kanger, A., Arch. f. d. ges. Physiol., 1903, c, 428. 

» IViechowBki, Beitr. z. chem. Phys. v. Path., 1908, si, 109. 

* Hunter, A., Givens, M. H., and Guion, C. M,, Jour. Biol. Chem.. 1914 

xviii, 393. ’ 

‘Folin, 0.,andFarmer,C.J.,Jonr.Biol.CAe77:.,1912,xi,493. Folin O. 

ibid., 1912, xi, 507. Folin, O., and Macallum, A. B., ibid., 1912, xi, 523*. * 
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a cat weighing 2.5 kilos was placed in a metabolism cage for six- 
days and allowed to eat of a purine-free diet of crackers and milk 
freely twice a dayj 

The urines of the first three days were discarded. The figures 
in Tables la and Ib represent the final three day excretion. It is 
seen that nitrogen equilibrium was fairly well established during 
the experiment. 


TABLE la. 


Nitrogen Excretion oj the Cat during a Purine-Free Diet. 


Day. 

Amount. 

Total N. 

Urea N. 

NHaN. 

Uric acid N. 

Creatinine 

N. 



gm. 

mam 

gm. 

mg. 

gm. 

4 

128 

1.31 


0.06 

MEM 


5 

117 

1.29 


0.05 


WSM 

6 j 

144 1 

1.27 

BB 

0.10 

1 0.17 1 

1 0.04 


TABLE Ib. 


Nitrogen Excretion in Terms of Total Nitrogen. 


Day. 1 

1 Total N. 

1 

Urea N. 

Nils N. 

Uric acid N. 

Creatinine N. 


mmm 

per cent 

per cent 

per ceni 

per cent 

4 


85.5 

4.6 

0.01 

3.9 

5 


SO. 6 

3.9 

0.01 

2.5 

6 


79.5 

7.9 

0.01 

3.3 


The veiy low uric acid output and the low per cent of total 
nitrogen excreted as uric acid will prove that the uric acid of cat 
urine does not represent its nuclear metabolism. This question 
and a discussion of the distribution of the nitrogen in the de- 
termined constituents will be taken up later. 

Mendel and Brown^ report that the ingestion by the cat of food 
rich in nucleins results in an increase of uric acid excretion. 
In order to quanitatively confirm this and to determine if a cat 
could be brought to a nitrogen equilibrium during a high nitrogen 
purine-rich period of feeding, a male cat weighing 3.5 kilos was 
confined in the metabolism cage and given 200 grams of fresh 
beef spleen twice daily, with water freely. Tables Ila and Ilb 
represent the analyses of the final three days of a six day period. 
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TABLE Ila. 

KilTogcn Excretion of the Cat during a Pun'nc-ZZfcft Diet. 


Day. 

Axaount. 

Total N. 

1 UraN. 

1 NHt N. 


Creatinine 

N. 


pm. 



pm. 

tnp. 

pm. ' 

4 

325 

8.55 

5.82 

0.42 

10.59 

0.06 

S 

SOS 

9.33 

8.35 

0.41 

9.76 

0.06 

6 

341 

10.81 

8.53 

0.43 

12.49 

0.06 


TABLE lib. 


A'ttrogen Excretion in Terms of Total Nitrogen. 


I>33r. 

I Total K, 

Crea N. 

1 NTUX. 

Ijnc acid N. 

1 

Creatimne N. 


pm. 

p/r tffnt 

prremt 

■per emt 

per cm! 

4 

8.55 

6S.07 

4,91 

0.12 

0.70 

5 

9.33 

89.49 

4.28 

0.10 

■am 

6 

1 

10. SI 

78.90 

3.97 

1 

0.10 

1 

M 


Here also there is a fair nitrogen equilibrium established. There 
is an increase in uric acid nitrogen of fifty times the amounts 
found during a purine-free diet with only ten times the per cent 
of total nitrogen excreted as uric acid. Moreover the per cent 
of total nitrogen excreted as uric acid is far below that excreted by 
•man. Hence we must conclude that under any system of feeding 
the cat organism tends to destroy uric acid before excretion. 

These two preliminaiy experiments demonstrate the ease of 
bringing a cat to nitrogen equilibrium during either a high or low 
protein diet. Tins possibility facilitates the study of the cat’s 
nitrogenous metabolism in general and the uric acid excretion 
in' particular, whether on a high or low nitrogen diet. In a 
comparison of the urines from the animals upon the difi'erent 
diets, certain diSerences in the distribution of the nitrogen are 
evident, which for confirmation require experiments of longer 
duration. However, it is possible from these results to compare 
the relative rates of metabolism of cat and man and to see whether 
or not we are justified in using the cat for experimental metabolic 
studies. 

A male cat weighing 2.5 kilos was confined in the cage and 
allowed to eat 100 grams of beef spleen twice daily for sLx days. 
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For the next eleven days the diet was confined to crackers, eggs, 
and milk. This period was followed by the same system of feed- 
ing as in the beginning for ten days. Water was given freely. 
Tables Ilia and Illb give the results of the analyses of the urines 
.'^bllected during the experiment. Accurate twenty-four hour 
quantities are represented and the analyses made as previously 
described. 


TABLE Ilia. 


Nitrogen Partition in Cat Urine. 


Date. 

Amount. 

Total N. 

Urea N. 

NH 3 N. 

Uric acid N. 

Creatinine 

N. 

1914 

gm. 

gm. 

gm. 

gm. 

mg. 

gm. 

Feb. 







16 


5.01 

4.48 

mtm 

6.22 

0.043 

17 


6.33 

5.19 


7.94 


18 


5.10 

4.41 


11.43 


19 

107 

4.96 

3.85 

0.21 

11.04 

0.044 

20 

120 

5.64 

4.63 

0.21 

15.66 

■sh 

21 

113 

4.56 

3.87 

0.21 

11.38 


22 

140 

2.22 

1.61 

0.16 

1.93 


23 

120 

1.59 

1.13 

0.14 

0.20 


24 

159 

2.14 

1.64 

0.17 

0.00 

0.041 

25 

, 

— 

— 

— 

— 

— 

26 

156 

2.09 

1.58 

0.12 

0.00 

0.031 . 

27 

180 

1.85 

1.39 

0.14 

0.26 

0.033 

28 

200 

2.00 

1.58 

0.17 

0.00 

0.040 

Mar. 







1 

175 

2.03 

1.46 

mtm 

1.40 

0.040 

2 

190 

2.77 

2.22 

WSBm 

0.23 

0.051 

• 3 

165 

1.26 

0.73 

WSEM 

0.00 

0.031 

4 

131 

2.04 

1.60 

0.15 

0.00 

0.039 

5 

159 

3.08 

2.69 

mam 

3.13 

0.033 

6 

111 

4.92 

4.02 


7.39 

0.032 

7 

96 

4.13 

3.55 


8.04 

0.026 

8 

120 

4.80 

3.99 

0.19 

8.06 

0.027 

9 

173 

7.35 

6.37 

0.34 

10.76 

0.038 

10 

132 

6.07 

5.11 

0.22 

12.92 

0.030 

11 

112 

5.80 

4.75 

0.22 

13.27 

0.034 

12 

91 

4.55 

3.93 

0.16 

15.95 

0.037 

13 

150 

7.71 

6.51 

0.29 

20.14 

0.043 
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TABLE mb. 


Nilropen PoTlilion in Cat Urine in Terms of Total Nitrogen. 


Dale. 

Total N. 

Urea K. 

NH.N. 

Uric acid X. 

Crcalinlne K. 

1914 

ffTTl, 

fer cent 

per cent 

per cent 

per cent 

Feb. 





0.86 

16 

5.01 

89.42 

3.79 

0.10 

17 

6.33 

81.99 

3.63 

0.10 

0.79 

18 

5.10 

86.47 

4.31 

0.22 

0.70 

19 

4.96 

77.62 

4.23 

0.22 

0.89 

20 

5.64 

82.09 

3.72 

0.28 

0.82 

21 

4.56 

S4.87 

. 

4.61 

0.25 

0.70 

22 

2.22 


7.20 

mm 

1.40 

23 

1.59 


8.81 


1.96 

24 

2.14 

76.64 

7.94 


1.92 

25 

— 

— 

— 


— 

26 

2.09 

75.60 

5.75 

0.00 

1.49 

27 

1.85 

75.13 

7.^7 

0.01 

1.78 

28 

2.00 

79.00 

8.50 

0.00 

2.00 

Mar. 






1 

2.03 

73.60 

8.37 

0.01 

1.97 

2 

2.77 

80.13 

7.94 

0.01 

1.84 

3 

1.26 

57 .93 

11.10 

0.00 

2.46 

4 

2.04 

62.30 

7.35 

0.00 

1.91 

’5 

3.08 

87.34 

5.52 

0.10 

1.07 

6 

4.92 

81.71 

4.07 

0.15 

0.65 

7 

4.13 

85.95 

4.12 

0.19 


8 

4.80 

83.12 

3.96 

0.17 


9 

7.35 

86.67 

4.63 

0.15 

wsm 

10 

6.07 

84,18 

3.63 

0.21 

mm 

11 

5.80 

81.88 

3.62 

0.23 


12 

4.55 

86.37 

3.52 

0.35 


13 

7.71 

84.44 

3,76 

0.26 

bBI 


In Table Ilia there are several points of interest in regard to 
the effect of high and lorr protein intake on the absolute amounts 
of nitrogen excreted in the various forms. As vrould be expected, 
the total and urea nitrogen are markedly lower dining the purine- 
free low nitrogen period than during the purine-rich high nitro- 
gen periods. The difference in amount of nitrogen excreted as 
ammonia is not as marked, yet shows a constant decrease during 
the low nitrogen period. 
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The nitrogen excreted as uric acid practically disappears during 
the purine-free diet. Correlating this with the fact that the 
glandular tissues of the cat, even when kept upon a purine-free 
•;^diet previous to analysis, not only contain uric acid, but either 
'-liberate precombined uric acid or form more uric acid by oxidation 
of the purines therein contained, evidence is furnished that, al- 
though the normal metabolism of the cat leads to the production 
of uric acid, yet this compound is not excreted as such. On the 
other hand there is an excretion of uric acid during the spleen 
diet that apparently increases in quantity daily. This does not 
, come from the preformed uric acid of the spleen as fed, for if a 
cat be fed uric acid during either a purine-free or a purine-rich diet 
no increase in urinary inric acid is observed. Hence it must come 
from the uric acid precursors in the fed spleen absorbed during 
assimilation. ISTow the cat kidney can excrete uric acid freely, 
for on intravenous injection of uric acid there is found an accumu- 
lation of uric acid in the Iddnej’^s and the tied off urinary bladder, 
but in no other place. Normally but minute traces of uric acid 
are found in cat blood. After spleen feeding an increase, slight 
it is true, but nevertheless an increase, in uric acid is found in cat 
blood. Hence as a tentative explanation of the gradual increase 
in uric acid excretion during the spleen periods it is suggested that 
through a flooding of the system with the uric acid precursors the 
uricolytic activity of the organism is unable to keep pace with the 
changes leading to the uric acid production. 

The excretion of nitrogen as creatinine throughout the three 
periods is a constant quantity. When the weights of the animals 
used are compared with the creatinine excretion it is evident 
that here as well as with man we have in creatinine an index of a 
phase of endogenous metabolism that is unaffected by extreme 
variations in both kind and quantity of food. This similarity is 
further brought out in a consideration of the changes in the ratio 
of nitrogen excreted as urea, ammonia, and creatinine to total 
nitrogen with the change from high to low nitrogen intake and 
vice versa. 

Considering Table Illb it is seen that during the high protein 
period the per cent of total nitrogen excreted as urea is higher than 
during the low protein period. Coupling this with the fact that 
the absolute quantity of urea nitrogen is also lower during this 
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period shoTO that qualitatively the cat metabolism leading to 
the formation of urea is governed by the same laws as the ex- 
cretion of urea by man, as described by Folin.® 

Although the excretion of nitrogen as ammonia is less during 
the low nitrogen intake yet this decrease is not large enough to 
prevent an increase in the per cent of total nitrogen excreted as 
ammonia, again a qualitative similarity with human metabolism. 

With creatinine, where the output is constant, the per cent of 
total nitrogen excreted as creatinine naturally rises as the total 
nitrogen excretion falls. 

The quantitative distribution of nitrogenin cat urine among urea, 
ammonia, and creatinine, indicates that the cat is well suited for 
experimental studies in nitrogenous metabobsm with reference 
to human problems, since the excretion of these substances is 
apparently governed by the same laws in tbe cat as in man. 

In the case of the excretion of uric acid there is no similarity. 
Under no conditions does the cat excrete its uric acid as does man. 
No significant part of its nitrogen is excreted as uric acid during 
the purine-free feeding. The exact cause of the increase in the 
nitrogen excreted as uric acid during the pmine-rich periods is, 
without very grave doubts, due to an overflow into the blood of 
uric acid which is promptly excreted. This overflow is probably 
due to the flooding of the system with purines in such quantities 
that the uricolytic enzyme can not destroy the uric acid as fast 
as it is liberated from its combinations. The main point to be 
gathered from this is, that the cat is of no use for studies in uric 
acid metabolism as applied to man, and can only be used in 
studies in comparative metabolism of the purines. 

Tables IVa and TVb give the averages of the three periods 
omitting the first day of each period. The changes are therein 
the more easily followed. 

From a quantitative point of view it is obvious that kilo for 
kilo cat metabolism on either high or low nitrogen diet is ten times 
greater than human, as shown by these figures. Under these 
circumstances the use of the cat for studies in total metabolism 
is of service only from the point of view of comparative metabolism. 


‘ Folin, Am. Jour. Physiol., 1905, xjii, 66. 
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TABLE IVa. 

Showing the Averages of Table Ilia. 


Period. 

1 Amount, j 

Total N. 

Urea N. 

NHjN. 

Uric acid 
N. 

Creatinine 

N. 



gm. 

gm. 

gm. 

mm 

gm. 

Spleen 


5.32 

4.39 



■SB 

Milk, etc 


1.97 

1.49 

■is 


mSm 

Spleen 

■■ 

5.66 

4.77 

0.22 

lii 

Di 


TABLE IVb. 

Showing the Averages of Table Illb. 


Period. 

Total N. 

Urea N. j 

NHs N. 

Uric acid N. 

CrKitinino N. 


gm. 

per cent 

per cent 

per cent i 

per cent 

Spleen 

5.32 

82.61 

4.10 



Milk, etc 

1.97 

72.38 

8.15 

msm 

1.92 

Spleen 

5.66 

84.29 

1 

3.91 

0.21 



This, however, does not prevent the use of the cat as a subject for 
experimental work in nitrogenous metabolism because here we 
have practically a complete parallelism between cat and man. 

CONCLUSION. 

From the evidence presented it is concluded that, with the 
exception of uric acid, the excretion by the cat of nitrogenous 
urinary constituents is governed by the same laws as the nitro- 
gen excretion of man. This makes the cat an animal that can 
well be used in studies on nitrogenous metabolism with possible 
application to problems of human metabolism. 

From a quantitative standpoint the cat can be used in studies 
on total metabolism only when the work is on a comparative 
basis. 

On a purine-free diet the per cent of total nitrogen excreted as 
uric acid is so small as to be of no significance when considering 
the nitrogen of the urine. On a purine-rich diet the increase prob- 
ably denotes an overburdening of the uricolytic enzymes.^ 

^ These investigations were carried on at the Harvard Medical School 
as a part of the work required for the degree of Doctor of Philosophy. 
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